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differed, with four tasks always presented. [n other conditions, the number
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The results showed that the effect of certain intratask independent

variables was much the same as found when the tasks are learned singly.

For example, the spacing effect occurred persistently under a wide variety
of conditions, including incidental learning. There was no measurable for-
getting over several minutes for any of the tasks despite the fact that the
retention intervals were filled with other memory tests. Incidental learnin
occurred, but it was not great in an absolute sense. Evidence for differcn-7
tial encoding appeared but it was not a consequence of the simultaneous
learning of tasks because the same evidence appearcd when the tasks were
learned separately. As might have been anticipated, the rate of acquisition
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Manipulations of study time led to some puzzling findings. When a
single task was presented, recall increased directly from 5 seconds of
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The Simultancous Acquisition of Multiple Memorics

Benton J. Underwood and Robert A. Malmi

The research to be reported here was tied to an experimental
paradigm that differs somewhat from paradigms commonly used to study
the functional properties of the human memory system. Therefore, the
procedures defining the central condition will be described at once.

The subjects were told that they were to imagine they were taking a
ride through an urban arca. In such a ride (they were further told),
it would be expected that many different events would be perceived,
but that four particular classes of stimuli (events) were to be ex-
hibited in the experiment. These were then described to the subjects:

1. Company names, all of which were fictitious, consisting of
two words; for example, Victor Carpets.

2. Traffic signs, or signs calling attention to points of interest;
tor example, EXIT RAMP and CIVIC PLAZA.

3. State names as might be seen on license plates.

4. Names of streets.

These stimuli were presented on a scries of slides. Each slide
contained items from three or four of the four classes, and it is this
fact which has led us to speak of simultancous learning. In the central
condition the subject was told exactly how learning was to be measured

' These measurements consisted of the

at the completion of the "ride.'
recall of company names, recognition of traffic signs, estimating the

frequency with which state names had occurred, and designating the order

in which street names had been seen.
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As will become more cvident when details of the studies are pre

sented, the procedures produced a difficult sct of tasks for the subject
I'he perceptual-memory system was flooded, and if the subject attemptec
to encode the stimuli in a manner believed appropriate for the tests to
be given for each class of stimuli, the confusion could be compounded.
In a typical experiment, the subject is presented a single task, such
as a paired-associate task. In the present procedurce, the subject was
presented four different tasks under instructions to learn them all
simultancously.
Purposes

The initial studies were undertaken as a result of a curiosity
about certain possible outcomes. As we continued to manipulate certatn
factors, other questions and issues became of interest. 1In the begin

ning, however, there were four matters which engaged our attention.

Generality of wmemory phenomena. Most phenomena of memory as d

rived from laboratory studies might be described as aseptic phenomena

We normally choose (and properly so) to study them in as pure a torw

as possible, and this usually means making the situation as simple as
possible. We try to remove all of the chaff we can; we try to reduce
variability from all sources. In the present rescarch, we have asked
about the integrity of some of these phenomena when the subject's memory
is being flooded with stimuli, many of which are not involved at all
with the phenomena of interest. For example, all company names occurroed

twice. Sometimes the two occurrences were on the same slide, sometimes

on different slides. Will a spacing effect occur in the recall?




It should be noted that we are not dealing with a confounding of

variables. That is, the manipulation of the spacing variable is quite
clean. It is simply being manipulated in a context where the subject

is involved in acquiring information (traffic signs, state names, street
names) that has nothing to do with the spacing variable. If a spacing
effect emerges under such circumstances, it would seem that this pheno-
mena could be described as being robust, or of high integrity.

Incidental learning. Our memorics must include an enormous amount

of information that has been acquired incidentally. This statement is
not easy to document, but several different ways of viewing the matter
would attest to its truth value. It seems quite unlikely that the pri-
mary content of memory consists only of events which have been accom-
panied by a personal command, '"I must remember that." Furthermore, the
long history of experimental work on incidental learning shows that
incidental memory for certain tasks may, under certain circumstances,
be as firm as will memories established intentionally. It is not our
intent to review this work here; rather, we are interested at this point
only in asserting that it does not seem unreasonable to believe that our
memories would be of markedly different character if they were consti-
tuted only of information established under clear intentional conditions.
Still, even accepting the pervasiveness of incidental learning, it
is not without interest to ask about situations in which some minimal
amount of information processing occurs but in which no residue of this
information remains in memory. Any radical view of a short-term memory

as a mere holding system might also include the notion that information

can be processed to some level without any consequence for a so-called
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Long-Lerm memnory In days not so lon past, it was common to spend 1
afternoon in front of a calculator analyzing data. Colleagues of tiw

senior author have pointed out that memory for numbers inserted in ti
keyboard, and perhaps written as well, was nil, and yet certainly the
nuimbers were processed., Such a conclusion might be drawn from other
situations. For example, in driving alertly in traffic, we are con-
tinually monitoring cvents occurring in tront of us and behind us,
yvet our memory for particular events is thought to be at best, pool

In the present research, several conditions of incidental learnia
were included. For example, the subjects may have been instructed that
they would be asked to recall only the company names so that theilr major

task was to select out and learn those names. However, they were also

tested for the other events dt'[)iL ted on the slides. Fe 1S Pl sumed

that in selecting the company names, perceptual processing (at some :
level) of the other classes of stimuli was necessary. Was there an i
Y . ‘
information concerning the events in these cther classes available in
i
memory ?
Stability of mories. How stable are the memories established

under the overloaded conditions? Will we be able to «

jetect a short-

term component of wemory that is extremely labilce? hestest conditions

T g et 2 72 TR NP e T

were so arranged that retention curves could be plotted over several
inutes, and these intervals were filled with memory tests on other i

classes of material Therefore, rapid forgetting might be expected il

1 short-term memory was heavily engaged, and also it oultpult interfervnc

was iLnvolved Furthermore., because all tests of incidental learning werd )
iven after the tests on material learned intentionally were given, 3




whatever was learned incidentally would be said by convention to have

been a part of long-term memory.

Independence of processes. The final matter of initial interest

concerned the correlations among the performance scores for the tests
of intentional learning for the four tasks. Assume a serious subject
who, as instructed, triced to learn as much as he could about cach sect
ol materials within the time allowed. Substantial correlations among
the performance scores could argue for a general learning factor or

for a single process or mechanism underlying the learning of all tasks.
If, at the other extreme, the correlations are zero, it could imply

four independent processes or mechanisms underlying the performance on

the four Such evidence might also be used to argue against a
singl ystem for processing information. Thus, although curio-
sity 1jor reason for undertaking the initial studies, it was

beliceved that the findings would not be without some theoretical interest
and value, and this belief was strengthened as successive sets of data
were examined.
Related Work

A consideration of the basic paradigm and the variations of it in !
which the subject was instructed to learn only some of the classes of
materials shows that there was apparent contact with a number of pheno-

mena and procedures described in the literature. We say apparent be-

cause in fact the contact is far less than tirm. There is simply not a
body of literature concerned with the learning of several tasks simul-

tancously. At a more abstract level, however, it is quite possible




that our paradigm could produce phenomena that are cmpirically or cor

ceptually related to previous work, even though most of the previous
work has not dealt with memory phenomenon, and most of it has evolve
from studies of perception in relatively simple situations. Some oif the
o ‘

concepts associated with this previous work will be mentioned.

When our subjects were asked to learn fewer than the four task:

although presented all four, selective perception, select

>

or divided attention may be involved. When a subject attempts to learn

several tasks simultaneously, many extant concepts are sugpested: Paral
iel wversus serial processing; single versus multiple channels; "space
imitations, or central-processing limitations; competition for proct

ving capacity and subsequent interfcerence; memory overload and filtes
ing; trade-off relationships. Thus, it appeared possible that we had
vailable a ready-made vocabulary if we chose to cast our findings into

ramework established by research in which the emphasis was on percep

Ut ILOCESSt ind W It Hemory I‘L:’I!('l‘.h na. 1Lt consi oL th

23 hort-ter variliety F'he nature of the interests whico led to ous

nquiry recommended that we let our data puide us on such matters,

' it was boeyond doubt that certaln of our predilections would v ,
ro! in th ventual choice of both descriptive and exu' |

It was tated above that there is not a bodv ot rescarceh deal ing
sLEn th imultancous acquisition of two or more tasks., In one sense
this statement is false. We may believe that some of our [requently

abovratory tasks actually consist of two or more subsidiarvy La

ancously, Thus, we may view the palrcd-asso




iate task as requiring the acquisition of response terms, and further

requiring the acquisition of associations between the stimulus and re-
sponse terms. Viewed across items in the task, both subsidiary tasks
are being learned simultaneously. We presumably are able to study the
acquisition of these two subsidiary tasks independently, as by using
free recall to simulate xesponse-term learning, and associative matching
to simulate acquisition of associations. The difference between this
approach and the one used in the present studies is that in the present
approach we could study response learning and associative matching when
different materials constituted each task, and when both tasks were pre-
sented for simultaneous acquisition.
Overall Plan

The central condition of the research was outlined above: The
subjects were given four tasks to learn simultancously. For reasons
which will be explained at a later point, this central condition was
called Condition FORD, There were two classes of parametric manipula-
tions which were carried out as a means of elucidating the phenomena
produced by Condition FORD. These two classes of manipulations were
designed to reduce the amount of information the subjects intcationally
processed. The first class was represented by seven conditions in
which the subjects were instructed to learn less than all four tasks,
although the material presented was exactly the same as that presented
under Condition FORD. The second class consisted of 13 conditions in

which the number of tasks represented in the learning material varied.

The difference between these two classes may be illustrated. 1In the




first class a condition was included in which the subjects were instru

ted to learn only the company names and the frequency with which state

names occurred. However, the slides also included the traffic and
points-of-interest signs, and street names. In the second class of
manipulations, a condition was included in which che subjects learned

the company names and frequencies ol state names, but the slides did not
include the material for the other two tasks. At a gross level, the
comparison of the results across the conditions in the two classes pro-

duced conclusions concerning the effect of irrelevant material on in-

tentional learning. And, memory tests for the irrelevant material in
the first class of conditions provided measures of incidental learning.

he data-collection phase for the parametric conditions extepded

over two school ycars. The subjects were college students. The sata

for the first class of manipulations were collected during the 1974-7

ichool year, those for the second class during 1975-7¢

Lt is always

i winting possibility that a population shift may occur from year to

LE, O ven from academic quarter to quarter. As a check on this

possibility, the FORD condition was included three times during the two

yedars . he results for the three replications of Condition FORD were
f
juite comparable. Therefore, it secems justified to present the result ¢

or the 20 conditions in the two classes of manipulations as if they
vad all been ollected r-’w!\UlL.H\nvu‘l:,].,
We may now look at the plan for describing the rescarch. First,

r

we will present the methods and materials used for Coadition FORD,

xamina I t the pehoomena which emergs a subject

.‘;I»U')’,“ the result: y 40




parametric conditions will be detailed. These results led us to further
studies of a more theorctical nature, and the evaluation of these studies
will be the third step in the plan. Included in this section will be
some data that we actually collected in the initial stages of the re-
search as we asked about the effect of study time and the c¢ffect of the
\ memory tests on subsequent performance. Finally, as a fourth step, we
will summarize our findings.
THE BASIC PHENOMENA
The materials and methods used in the centra! condition (Condition
FORD) evolved from an extensive pilot study, and from certain other
manipulations devised primarily to examine the c¢ffect of study time and
the effect of test trials on performance. No purpose will be served in
detailing the procedures and results of the pilot study. The results
for the conditions dealing with the cffects of time and test trials are
of interest, but will be best evaluated at a later stage when study
time is the major variable. Our intent for the present is to describe
the phenomena which ecmerged as the subjects attempted to learn four
tasks simultaneous'y.
Materials
The acronym FCORD was vsed to represent the four tasks, with each
of the four letters signifying a diffcerent task:
Task F: Frequency judgments, indicating the number of times each

of scveral state names occurred on the slides.

Task O: Judgments of the order in which the streets were crossed
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in the imaginary driv

lask R: Reecall of the two-word company nanes .,

Task D: Recognition or discrimination of traffic signs shown on
slides from those¢ not shown on slides

The materials used for ecach of these tasks wil! now be described

T T TP I

)

I'he words representing the four tasks occurred on 24 successive slides.
As may be seen in Figure 1, more than one class of stimuli occurred on
each slide. There was also a primacy slide and a recency slide, but
the materials on them never entered into the results.

Prequency. fen state names were chosen for the frequency-judgment

task: Vermont, Kansas, Maine, Utah, Ilowa, Texas, Ohio, Oregon, ldaho,

Georgia. In addition, two state names (EFlorida and Michigan) were

A e

used as zero-frequency or new items on all tests of frequency assimila
B
tion. The frequencies of occurrence of the state names were L, 3, 6, ]
1), or 15, each frequency being represented twice. A given state ndan
never occurred more than once on a slide
&
. . . ;
Order. The seven street names used were Granite Avenue, Central i
Road, Hawthornc Lane, Compton Boulcevard, Mission Strect, Forest Court,

hese street names always occurred on slides 25 6 |

ind Mohawk Lt
|
0 Gy X7 20 and |
Recall. The material to be recalled consisted of 30 two-word
names of fictitious companies. These 30 names are listed alphabeti-
11ly in Table | Ihe first word for cach may be considered a trade
name, the second word a product., Each name was presented twice and two
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Figure 1.
used for frequency judgments.

The first six slides used in Condition FORD.

The state names were

Street names (Granite Avenue and Central Road,

slides 2 and 6) were used to measure order information.
names were recalled, and the two occurrences of each name may have had spacings

of 0 (Valley Tools, slide 1), 1 (Hawkeye Sceds, slides 2
Traffic signs and points-of-interest signs were always

0il, slides 1 and 4).

printed in capital letters, and were used in the recognition tests.
were presented as intact signs

2]

The two-word company
and 3), or 3 (Alpha

These signs

of two words (TAXI STAND, slide 1), or broken
signs (SCENIC ROUTE, slides 5 and 6, or CONSTRUCTION AHEAD, slides 4 and 6)

M
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Company Names for the Recall Test

Acme Freight
Alpha 0il

Anchor Glass
Aztec Meats
Bulldog Paper
Chestnut Dairy
Crystal Furniture
Eagle Chemicals
Guardian Toys
Hawkeye Seeds
Ideal Motors
Keystone Containers
Kings Tobacco

Lakeside Paints

Magnum Cosmetics

Manor Flour

Maple lLunsurance
Mcrchant Distillery
Midwest Lumber
Neptune Electronics
Prairie Books
Rainbow Shoes
Ranger Steel
Spartan Realty
Sunshine Candy
Supreme Apparel
Union Cement

Valley Tools

Victor Carpets

Western Tires




variables were introduced into this repetition. One of these variables
will be spoken of as the spacing variable, although it differs somewhat
from the usual spacing manipulation. The three levels of spacing will
be identified as Condition O, 1, and 3. In Condition O, the two occur-
rences of the name were on the same slide. For Condition 1, the two
occurrences were on adjacent slides, and for Condition 3, the second
occurrence was on the third slide after the slide of first occurrence.

For example, if Eaglce Chemicals first occurred on slide 8, the second

occurrence was on slide 11 for Condition 3. With 30 names, 10 each
were assigned to Conditions O, 1, and 3. It was possible to arrange
the items so that two items under cach condition occurred in each fiftn
of the series of 24 slides.

A sccond variable in recall involved same and ditferent cells in
the repetition of items. In constructing the slides, we viewed cach as
consisting of nine cells in a 3 x 3 matrix. For Condition O, which
involved massed items, the two occurrences of a company name occupied
adjacent cells on the slide (Condition Same), or were separated by a
cell (Condition bitferent) which usually contained words for the other
tasks. For Conditions 1l and 3, the two occurrences occupied the Same
cell, or they occupied Different cells. Thus, the 10 names for cach
condition (0, 1, and J) involved 5 names occupying the same cells on
the slides (or adjacent, for Condition 0), and 5 names occupying dif-

ferent colls,.  Each of the unique six conditions (three levels of spac-
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1 » 3 14

occurring in each s

variable was viewed in a

and Same-Ditterent) was repre

nted by five items, with one item
the list. The Same-Different
L pacing variable In the

studies of spacing, the Samc-Ditfercut variablic has not received atten-
tion and we had no expectations concerning i1ts intluence

Recognition. There were 32, two-word road signs used in the recog-
nition tasks. These are listed in Table 2. Twelve of these signs were
presented as intact pairs of words and thesce will be considered as old
items on the recognition test. Eight of the items were not presented
on the slides but occurred as new items on the recognition test Il
remaining 12 signs were used to implement what we will call the scepara-
tion variable For these 12 road signs, the two words were presented
on separate slides. Thus, EXIT might have been presented on one slide

RAMP on a subsequent slide On the test, the subijects were presented
only two-word signs and they had to decide whether both words had or had
not been prescnted on the same slide. When the two words ot a sign
were presented on scparate slides, they always occupied the same cell

on the two slides. However, the amount of svparation of the two words
was systematically varied. More specifically, there were threc degrees
of separation lentified as separations 1, 2, and 4, where the number
refers to the number of slides following the appearance of the first
vord that the second word occurred. Thus, for Separation 1, the two
words were on adjacent slides; for Separation 2, the two words were




Traffic

AFTON RIVER

ART FAIR

BARGE CANAL

BIRD SANCTUARY
BOAT LAUNCH
CHILDREN PLAYING
CITY LIMITS

CIVIC PLAZA
COLLEGE STADIUM
CONSTRUCTION AHEAD
COUNTRY CLUB
COUNTY BUILLD ING
EMERGENCY PHONE
EXIT RAMP
FIRE STATION

HISTORICAL LANDMARX

Lablc

)

and Point-of-Interest

Signs for Recognition

INDUSTRIAL PARK
KEY AIRPORT
LOADING DOCK
LOGAN SCHOOL
MEMORTAL CEMETERY
MERCY HOSPITAL
MUNICIPAL ZOO
PEDESTRIAN MALL
RES IDENT PARKING
REST HOME
SCENIC ROUTE
STATE POLICE
STRAY DEER
TAX L STAND

TRAIN CROSS ING

VILLAGE

LIBRARY
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separated by one slide, and for Scparation 4, by three slides. The
order of the two words was always proper; that is, RAMP never preceded
EXIT in the study list.

Having described the materials for cach of the tasks, it will be
well to transmit some fecling for the tasks as they were presented
simultancously to the subject. The tirst six slides for one of the forms
arc seen in Figure 1. We have spoken of ninc cells for each slide.
Actually, as can be scen, we attempted to minimize the likelihood that
the subject would view the slides as having nine cells. This was done
by positioning items within a cell on a random basis.

Lf cach slide is considered to have 9 cells, there were 216 cells
tor the 24 slides, Ot these, 173 were filled, 43 were vacant. The
tilled cells required 70 for state names, 7 for street names, 60 for
company names, and 36 for traffic signs (12 for old items, 24 for the
12 signs used for the separation variable).

Forms. ‘the independent variables in Condition FORD were manipu-
lated within subjects. Particular items were given particular func-
tions. In order to c¢liminate the contounding between items and func-
tions, three torms werce constructed. The function served by an item
was determined randomly for each form, subject to the restriction that
the item was not allowed to serve the same function in more than one
form, Some conscquences of these procedures will be mentioned for each
task.

For frequency judgments, LO state names were usced.  There was only
one independent variable, frequency of presentation. Across the three

forms, therefore, a given frequency level was represented by six dif-




ferent items.

The seven stroect names wore 5 41 !lf vy ordered threcoe times N with the

e Ll strect not allowed to occupy a glven positt ion in the scrics more
than once.

For recall, each level of the spacing variable was represented by
10 items on each forin, hence 30 different items across the three forms
When both the spacing variable and the Same-Dif ferent variable are con
sidered, 15 different items were represented across the three torms,
¢.g., with Condition 1 for spacing, and Same with regard to spatial
position on the two slides, 15 different items werce used across the

three forms,

For recognition, there¢ were three basic types of items, namely, old
(12 items), new (8 items) and separated (12 items) In construct ing
the three forms, assignment to function was random subject to the re
striction that an item could not serve the same basic tunction mord
than twice, and the number scerving the same function twice was kept at
a minimum Across the thrcee forms, cach level of the separation
var iable was represented by 12 different items.

lhe purpose of using three forms was to wminimizc the likelihood
that differences in item difficulty would bias the results. We have no

interest in forms per se and our analyses have ignored lorms as a
statistical factor.

Procedure and li”‘d" CES

Design. Subjects were tested in groups in a room used only for

proup experimentation Condition FORD, with which we are presently
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concerned, involved 126 subjects. This total was made up of three groups

of 54, 36, and 36 subjects tested at ditfercent times over a two-year

period. In each case, other conditions were included. The unit for
group testing was six subjects. Counditions and forms within conditions
were block randomized with six subjects being the unit. For example,
when Condition FORD was made up of 54 subjects, two other conditions of
54 subjects each werc also included, the results for which will be re-
ported later. With three conditions and three forms, 27 units of six
subjects cach appeared in the randomized schedule. Thus, for a given
condition and form, three different groups of six subjects cach were
tested.  When 36 subjects were tested in a condition, the randomized
schedule for testing involved two groups of six subjects each for a
given form within a condition.

As noted, the group unit was six subjects. As would be expected,
in many cases all six subjects scheduled for a given period failed to
appear. A single method was uscd for handling this matter throughout
all ot the experimentation All scssions as giver on the random sche-
dule of conditions were carried out in order as if all six subjects
had appeared for cach scssion. After the completion of these sessions,
we "started over"”, scheduling new sessions for those where less than
six subjects had appeared, the aumber of subjects scheduled being the
number necessary to cqual six, including those tested originally. If
necessary, as was usually the case, this procedure was repeated a third
time so that all groups as included ov the original schedule sheet were

represented by six subjects




A further breakdown was nccessary in the design. It will be remen
bered that we were interested in the permancence of the memories estab-
lished. To vary the retention interval, we varied systematically the
order of testing of the tasks. There were three test shects, one for
recall, one for recognition, and one which included the tests for both
irequency estimation and street ordering. Therce are six possible ways
in which the three test sheets can be ordered; cach of these orders
was used equally often for each form within cach condition. It was
possible, therefore, to examine performance on each task when it was
tested first, tested second, and tested third in the serics of tests.
he retention interval for a given task was, of course, filled by tests
being given on the othev tasks.

Instxuctions and te: For Condition FORD, the initial instruc

tions were complete with regard to the material to appear on the slides,
and with the methods for testing each of the four classes of materials.
Ihese instructions will be quoted in their entircety:

I am going to present to you a series of slides which will b

projected on this screen. Each slide will contain a number of

words. Some items will be single words, and other itcems will

be two-word units. They will all be common words. In viewing

each slide¢, I want you to imagine that you are taking a ride

in a car. The items that you see on each slide might be those

that you would actually sece when you glance out the car window

every so often during this imaginary drive. As is truce when

taking a drive, you will see some words more than once. At
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the same time, of course, new words will keep appearing as the
car moves through the streets. Your task is to view each slide
carcfully and try to remember as many items as you can. You
will have 20 seconds to do this for each slide. Of course, 1
am going to test your memory for the ecvents you saw during this
imaginary ride, and I will now tell you exactly how you will

be tested.

Un  the slides are the names of a number of the states ol
the union.  You may think of these as representing automobiles
with different state license plates. A list of states will be
given on the test. You will be asked to estimate the number of
times you saw cars from cach of the states. We will not be deal-
ing with all 50 states, but we will be dealing with a number ot
them. You will not be ablce to count the number of times you
see a given state plate. Rather, try to get an impression of
the number of times you see a state name so that you can give
an estimate of the number of times you saw license plates for
each state.

Among the things you might sce on the drive would be a num-
ber of signs for commercial companies. On the slides, these
are all two-word signs, and cach includes the product's name.
For example, you wight sce o sign for "Hamm's Beer'", although
the signs you will actually see are fictitious. On the test,

you will be asked ro recall and write down as many of these

company names das you can remember,




[ncluded on the lides are two-word traffic signs and tw

word point ol iInterest signs. BUS STOP and RACE ['RACK arc two

examples ol these, These are always printed in capital letters
so that they arce distinguishable from the other materials.
Sometbimes the two words appedr on the same slide. At other
times, the two words might appear on different slides. That

is, you might s BUS on one slide and STOP on the next slide

To take another cxample, RACE might be on one slide and TRACK

might appear two slides later. On the memory test, you will b
isked to identify which two-word traffic igns and two-word
point of intel t signs were printed on the same slide and which
were printed on diftferent lides (that is, those signs which had
) L ' Uil e <& i the othery word on a dirferent
! } \ ( ‘ L W1 ) ven on the test which did
t Dy I Ol i vou wi ! )t ed to indicate thesd
Y OL LLL | 4 ther ol 1 recognition test for those trat i
L ind poi ( nterest si i ted i apital Eters.
' 1 38| L4 i treet 1s wWe LaKkd
i ( X il ow thi th ame of the street
will be printed on th slide, I act, seven different strect
will b ro on he test, ou will be piwve Ehre cven L et
i1 O ELY b isked to indi t J H W wd 1 L 1Y
{ L X t W o od e CoOn » € ol " v wi l !
tested for the order which t! strects appeared
j
Following these instructions, Uhe perimentel m ! boany g ti1o .
e erni the procedur: n estin n, i Lid. il 1




ted, involving the 24 experimental slides and a primacy and recency

slide. The slides were projected by a Kodak Carousel, and cach slide
was presented for 20 secconds as controlled by a peripheral timer,
This interval was chosen after some pilot work and we will have more
to say about the c¢ffect of exposure duration at a later point.
After the last slide was presented, test booklets were distributed.
The face sheet contained instructions which were read by the experimen-
ter as the subjects followed. The instructions werc:
After the experimenter tells you to turn this page, you will
begin working on several different memory tests. You must take
the tests in the order in which they arc given in this booklet.
Do not take the tests in any other order. You must complete
work on a given test before going on to the next. After com-
pleting a test, you cannot go back to previous ones. Instruc-

tions for cach test are on the test page. Read them carefully--

if you have any questions, raise your hand. Some tests may re-
quire you to answer all items, guessing if necessary. 1f this
is so0, pleasc be surce to give a response to all items.

The instructions for cach test were as follows:

Frequency: The names of a number of states appeared on the

slides, representing the number of automobiles from each state

which wire seen during the drive. You are to estimate the num-
ber of cars from cach state which you think you saw. The states

are listed alphabetically, and after each is a blank. Put a

number in cach blank to indicate your estimate of the number of
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cars seen from that state. If a state name is given that you
think you didn't sce at all, put a zero in the blank. You must

have an entry for cach blank.

Order: During the drive, seven streets were ''crossed",
the name of each of rthe seven appearing on a slide. The scven
names are listed below alphabetically. You are to indicate the
order in which the streets were crossed. Put a 1 after the street
that you think was crossed first during the drive, a 2 after the
street you think was crossed sccond during the drive, and so

on, assigning a 7 to the street crossed just before the end of

b1

the drive. You must usc cach number only oncej each blank must

contain one of the numbers.

Recall. There were 30 fictitious company names given on
| the slides. All consisted of two words, with the second word
| . indicating the product involved. One example of this might be

t "Hamm's Beor", but of course all names used were fictitious

Write down as many of these two-word company names as you cdn.

| You may write them down in any order you wish Do not linger
| too long in trying to remember the names. No one would be ex-
pected to remember all 30 pames, but "dredge up' all that you
can within a reascnable amount of time before moving on.

Recopnition: A number of two-word traffic signs and two
words indicating points of interest appeared on the slides.
fhese were always printed in capital letters. These are listed

below alphabetically along with some two-word signs which did

not appcar on any slide. For cach, you are to make a YES ox
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NO decision. 11 the two words did not appear at all, you are
to encircle NO.  Furthermore, if the two words did not appear
on the same slide, you are to c¢ncircle NO. You will circle
YES only if the two words appeared together on a slide. You

must make a decision for cach, gpuessing if necessary.

At the bottom of each ot the three test pages a blank occurred
with the word "time' under it. When cach subject completed work on a
test page, he wrote the clapsed time in the blank.  Thercfore, a record
was available of the time it took cach subject to complete each test
page.

When all subjects had completed the tests, and the booklets had
been collected, the cxperimenter said to the subjects:

We are now going to run through the same set of slides again.

The slides will be in exactly the same order as before. Once

again, 1 want you to study ecach slide carefully, remembering

as much information as possiblce. After the slide presentation,

you will be tested again in exactly the same way. 1 want you

to be ready for the test so I will hand out the test booklets

now. Print your name on them as you did the first time. Remem-

ber not to begin working after we sec the slides until L give

you the signal.

The slides were then presented for the sccond time, followed by
the tests which, as the subjects were informed, were e¢xactly the same
as given for the first trial.

Results

In presenting the results for Condition FORD, the performance on

A Ais
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cach of the loul L ks will be g'L)l'l:;i(Jl red in HIL’l'l', 1(]1]\)W(‘\[ by an
natior Ll correlational evidence reflecting the relationship:
wong, the tasks We will, of course, inelude statistical analyse
where it seems necessary, but we have made a definit at Lempt avoid
spending time on small differences or small eftects unless the 8 0Ol
to be of particular theoretical importance. In most cases, the dat
shown in graphical form provide presumtive cvidence for relicbility
Frequency
State names were judged as to the number OCCUrTrences acro

the 24 Lrlidk";. The true ‘.1'(‘(!1!\'“(,'5&.“ were 1, ))‘ L2 78 ‘;l)‘ and L5, I'he
results are shown in Figure 2, wherce the mcan judpgments of frequend
are related to true trequency. Apparent frequency increased dirccetly
1S Lru frequency increased, and, as commonly found, low frequencie:
Were overestimatoed 1igh frequencies were underest imated . The ean
judgments on Trial were slightly higher than on Trial 1 at all f[iwve
frequen levils . It might be presumed that this small but constant
increase in judged frequency between Trial 1 and Trial 2 represented
an increment produced by the state names cach occurring once on th
test sheets for Trial 1, I1f this is reasonable, there should also hav
beea an increase for the two state names appearing on the test she
but which had not appeared on the slides. For these two states, mean

dged frequency was .70 tor Trial 1 and 1.19 for Trial 2, thus support
it the idea that the act of testing increased apparcnt [requency.

An unexpected find v was that the precision of the frequency
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judgments did not increase from Trial I to Trial 2, a finding which 1is
inferred by the lack of interaction betweoen frequency and trials in
Figure 2. We will return to this matter shortly.

In experiments in which frequency judgments represent the only
task given the subject, loss of frequency information over time occurs
very slowly (e.g., Underwood, Zimmerman, & Frceund, 1971). Still, cven
with the relatively short retention intervals involved in the present
study, some loss may occur because the intervals were f£illed by the
subjects being engaged in taking other tests of memory. We will examine
the frequency judgments as a function of the length of the retention
interval. The procedurce used needs to be given in some detail.

It will be remembered that the subjects recorded the elapsed time
as they completed cach of the three test shects, so it was possible to
specify three retention intervals, with the performance on any given
task at each of the threce retention intervals being represented by
ditferent groups of subjects. In Condition FORD, 42 subjects were
represented at cach interval. We will identify the three intervals
as short, medium, and long, but it is necessary to provide rough cvi-
dence on the length of the intervals,

On the first test trial, the short interval (time to first test)
consisted of 20 seconds for the recency slide, plus 40 to 60 seconds
required to distribute the booklets and give the initial test instruc-
tions. Thus, the short retention interval (the time between the nre-
sentation of the last experimental slide and the beginning of the tirst

test) was something in the neighborhood of I minute. The medium and

long intervals were determined by the average time required to complete




the first and second memory tests, respectively In the present casd
we are interested in the frequency-judgment tests, so the medium ane

ong intervals were produced by the time required to complete the re

1
call and recognition tests. [he average medium and long retent ion ’
|
ntervals for frequency judgments for Trial 1 were 2.09 and 5.42 min ]
|
utes from the point in time that the subject started the first test
?
On the sccond test trial, the booklets werc immediately available |
to the subjects, and no instructions werc necessary. Furthermore, thic i
data indicate that the subjects required less time to take the tests
on the econd trial thanm on the first. The medium and long retent jos
intervals for the sccond test trial were 1L.70 and 4.23 minutes.

Loss of Llrequency information over time would be indicated by
flattening of the line representing the relationship between true
' 1

frequency and judged frequency. This could be determined direct ly

rom the raw (requency judgments. However, for other purposcs we

anted measures of cach individual's performance relating true slops
1A il slope., heretfore y LOY cach sub jecl we caleulated a product
ment correlation between the true frequencics and the udped e
uencies of the 10 state names. These correlations do not reflect
I1f renc e vaong individuals in level of absolute judgments but they

hould reflect accurately differences in the degree to which the jud

ype approximated the true slope. For statistical purposes, cach i
was transformed to «', although for graphing and expository purposes,
we have retranslor d the mean z' to r.

Por Triak 1y tie ‘an correlations for the short, medium, and i
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retention intervals were .81, .79, and .63 respectively. The correspond-
ing values for Trial 2 were .79, .78, and .81. None of the differences
was reliable satistically. These data show, as did those used to plot
Figure 2, that performance in estimating frequency of events did not
improve from Trial 1 to Trial 2, and that this performance did not
change over the retention intervals. The lack of increase in precision
from Trial 1 to Trial 2 might be attributed to a ceiling effect; that
is, in an absolute scnse performance was quite good on the first trial,
and it may be that any improvement beyond that would be difficult to
obtain under any circumstances. However, in other conditions in which
there were fewer tasks (to be described later), the subjects were able
to itwmprove their pertformance trom Trial 1 to Trial 2 even when perfor-
mance was better on the tirst trial than it was tor the present condi-
tion. For the time being, therefore, we wust consider the possibility
that the lack of improvement from Trial 1 to Trial 2 in frequency judg-
ments resulted in some way from the demands placed on memory by the other
tasks.
Order

In this task the subjects were required to identify the order in
which the seven streets were "crossed." The task may be viewed as a
serial learning task without the necessity of recalling the strect

naimes . As a first response measure we have used the mean position

judgments of the seven streets These are shown in Figure 3. The




clear slope for Trial 1 indicates that some serial order information

| to

was available, and the obvious incrcase in the slope trom frial
Trial 2 shows that additional learning occurred on the sccond study
trial. We also examined the number of hits (assigning correct numbers)
for each street. These data showed that the number of hits was greater
for the first and seventh streets than for the other five, but there
was little difference among the other tive. The number of hits in-
creased for all positions between Trial I and Trial 2.

To examine the c¢ffect of the retention interval, we have calcu-
lated the r relating true and estimated position of the seven strects
for each subject. Because the tests for frequency and for order were
on the same test shects, the retention intervals were approximately
those given earlier for the frequency judgments. As would be expected
trom the evidence in Figure 3, the mean r increased substantially
between Trial 1 (.47) and Trial 2 (.89). On Trial 1 the mean correl

tions for the short, medium, and long retention intervals were .28,

60, and 0 For Trial 2, the corresponding values were .91, .86,
ind 49 Overall, the interval effect was not reliable statistically,
but there was a significant interaction (p = .01) between interval
ind trial [his effect is due largely to the low correlation on the

1 trial for the short retention interval. We have not becen able

ive a reasonable explanation of this finding, although thesc¢ data

1 can in showing that performance did not deteriorate as the

retention interval increased.

Recall

We counted as correct only those items in which both words identi-
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fying a company were recalled together. The results for each trial
are shown in Figure 4, with the spacing variable on the baseline, and
percent recall on the ordinate. As is apparent, in an absolute
sense performance was very poor on Trial 1. The interaction between
the spacing variable and trials is quite evident (p = .001). The
difference on Trial 2 between recall with a spacing of 0 and recall
with spacings of | and 3 is large. This is true in spite of the

fact that the so-called massed practice (0 spacing) becomes spaced
practice when viewed across the two trials. Recall with a spacing of {4
3 was obviously not better than recall with a spacing of 1, although
as will be seen later, this finding did not always hold when the num-
ber of tasks was reduced.

It will be remembered that a Same-Different variable was included
in the positioning of the company names. The two occurrences of the
name were in the same cell on both slides or in different cells on
the two slides. This variable had no effect overall (p = .26), but
it did interact with the spacing variable (p = .004). This interac-
tion is seen in Figure 5, for Trial 2. The data indicate that when
the two occurrences were on successive slides (Condition 1), perfor-

mance was better if the same cells were used to show the company

name than if differcnt cells were used, whereas with spacings of O and
5, there was a slightly opposite e¢ffect. None of the other inter-

actions was reliable.

I3
}
!
\
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We 11 I t the influence « the retentio nterval e
length of the retention intervals were caleulated in the same way as
was done for the requency judgments. For Trial 1, the medium and

long retention intervals were 1.78 and 3.85 minutes, respectively.
For the second trial, the corresponding valuecs were .90 and 1.99
minutes. Again, these values represent the time which elapsed trom
the moment the subjects actually started to take the first test. [t
may be observed that these intervals were shorter than were those
found for the frequency-judging task. I'his results from the ftact

that subjects in general spent more time on the recall test than on

the other two test sheets.
There was no cffect of the retention interval on recall. For
the short, medium, and long retention intervals, the recall values

for Trial 1 were 7.9, 8.3, and 7.l%4, respectively Foxr Trial 2., thi

ralues were 29.8, 31.4, and 31.07%.

There are still further questions to b

isked about the retention interval and recall. It will be remembered

that the second occurrences of the 30 company names werce arranged so
hat ix occurred in each fifth of the list. We may, therefore, ask

I t recall as a function of both position and interval he results
of this analysis are shown in Figure 6, for each trial. On Trial 1,

1

there appears to be a small recency effect at the short interval;

s truc in spite of the fact that there was a recency buffer

ind approximately one minute was involved in giving instructions
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and distributing booklets before recall was initiated. This recency-

like effect becomes more apparent on Trial 2, where a small primacy
effect also appeared for all intervals. 7There appears to be a com-
pensatory effect in that recall was bcLLu; tor the carly positions
with the longer retention intervals than it was with the short inter-
val, whereas on the fifth position the reverse was true. For Trial 2,
both the effects of position and the interaction between position

and interval werce reliable (p < .01). It is worth mentioning that in
the large pilot study where names of existing companies were used,

the same interaction between interval and position was also found.

We belicve that the interaction shown in Figure 6 is a conse-
quence of two factors. First, for the short retention interval, the
items first recalled téhded to be items from the later positions in
the list. This was determined by making a tally of the study posi-
tions for the first half of the items recalled on Trial 2. This tally
showed that 64.27 ol the items appearing in the first half of the re-
call protocol came from positions in the sccond haif of the study
list. For the medium and long intervals, the valucs were 49.37 and
47.5/. When the bias at the short retention intcrval for recalling

items positioned late in the list is viewed in conjunction with the

recency effect, it might seem that the recency eftect results from

the production of items from a short-term store as recall is initiated.

Ihe difficulty with this interpretation is that recency effects also

o by




occurred on Trial 1 where at least a mipute lapsed between the 151
experimental slide and the point in time at which the subject initiated
recall for the short interval. It should also be noted that the sub
ject did not know at that time that his first retention test was to !
involve recall,

he second fact that must be considered is the time spent by the
sub jects in attempting to recall. he time measures indicate that
the subjects spent wore time in attempting to recall after the mediu
and long retention intervals than after the short retention intery '

;
For the three intervals in order the values were 2.59, 3.53, and 1 }
inutes [t appears, thercfore, that subjects with the short roten
tion interval spent less total time in trying to recall than ' it |
ects with the longer intervals, and that they spent a disprapor )
ate amount of this time trying to recall items occupving position
:

the second half of the study list. It is not apparent to us wi ' ’
ittention should be directed toward items in the later positio (e
the short interval and not for the longer intervals.
Recognition

Misses and false alarms We ask first about simple recogniti

pressed as the number of isses on Lthe old signs plus the number

{ ftalse itlarms on the new signs At thi ame time we may 1o t
t} effects of the retention inter L vy in nd long reten
tion intervals for Irial | averagc 6 and 71 minutes in length,
Fespecl 1ve vy with the Averagc tor LY { being 1.80 and 4 .01 my
t fThe results ¢ Figure [/, show shary duction
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the error percentages from Trial 1 to Trial 2, and some increase in

errors as the retention interval increases. However, this latter
c¢ffect is not reliable statistically (p = .08), and thus, for a fourth

task we have again found that the memories established on the study
trials were rclatively stable.

Separation variable. Among the signs presented were 12 in which

the two words for a given sign occurred on differcnt slides. There
were three levels of separation of the two words, namely, 1, 2, or 4
slides. On the test, all of the signs werce given as two words and the
subjects had to decide whether the signs had becn presented on the
slides as intact signs The fal!se alarms made to thesc 12 signs were
compared with thosc made to new signs (control). Again, length of
the retention interval did not influence the outcome reliably; therc-
for, the results as scen in Figure 8 are depicted in terms of separa-
tion and trial.

There can be no doubt that presenting the two words separately
produced more false alarms on the test than were produced to new

signs "Inserting"

the two words separately into the memory system
influcnced decisions about whether the words had or had not been

prescnted together during study, and this was true for both trials.

Yet, the distance by which the two words were separated on the study

trial was of no conscquence in determining the number of false alarmws.




[nterrelationship Within and Among Tasks

We know very little about subjects' “"strategics' when they ar

e e

riven four tasks to learn simultaneously. Some subjects might, at

one extreme, attend primarily to onc of the tasks, cessentially ignor-

1 . . 1 |
ing the other tasks. Or, a subject might attend to one or two ot th

tasks on the first study trial, and to the other tasks on the sccond
study trial. Some preliminary evidence on such issues can be gotten
from an examination of the correlations within and between tasks.

In calculating the correlations to be reported here, and in all
studies to be reported later, we have used standard scores (x/gN
where the mean and standard deviation used for deriving a standard
core were based on the scores within a form For the present data,
there were 42 subjects assigned to cach form, and the mean and stand
ard deviation of the 42 scores were usced to obtain a standard scord
for each subject. 'The correlation was then calculated on all 126

'

subjects. In conditions to be reported later, we usually used 36

subjects in a condition, 12 being assigned to cach form. In thes
g $

conditions, just as in the present FORD condition, the standard score

sed on the mean and standard deviation ot the
tub jects within each fo: although the corrclation was calculated
across the 36 ub jects.

For frequency judgments and serial ordering, z' scores have been

to reflect imdividual performances For recall, the individual
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scores were total items recalled, and for recognition we used the total
errors (false alarms on both new and separated items, plus misses on
old items).

To ask about the correlations within tasks is to ask about the
reliability of performance, and for this purpose the correlations be-
tween performance on ITrial | and Trial 2 were used. 1f these correla-
tions are high, it can be inferred that subjects werce probably not
concentrating heavily on one or two tasks on the first study trial,
and on the other tasks on the second study trial. 1If the subjects
did do this, the correlations could not be high unless all subjects
shifted in the same way, which scems quite unlikely. Substantial
correlations between Trial 1| and Trial 2 would seem to imply some
consistency in the distribution of ¢ffort on the two trials. With 126
subjects, a correlation of .23 carries a p value of .0l.

For frequency judgments (Task F), the correlation between Trial
| and Trial 2 was .62; ftor order (Task 0), .30; for recall (Task R),
.64; and for recognition (Task D), .56. We consider these corrcela-
tions to be substantial for all of the tasks except Task O. Does the
relatively low correlation for this task imply that subjects may have

used this task as a pivotal trade-off task? We think not, and therce

ire two reasons. First, it is clear from the data presented that the
subjects as a whole did not ignore Task 0 on the sccond trial because
there was a marked improvement in performance between Trial 1 and

frial 2 Sccond, other data (Underwood, 1977) suggest that as subjects

ittempt to identify the temporal order of cvents, their performance




on initial learning crials is tnherently unr
basic unreliability, we have not included th
manipulations to be presented later. We are
that the relatively low relationship between
performance for Task O cannot be easily inte
shifts in the subjects' attention from task
The evidence on the trequency judgments
performance did not improve from Trial 1 to
supggest that the subjects as a group may hav
the second study trial. This could happen a
show reliable performance from Trial 1 to Tr
we would simply be measuring the memorics es
twice. fhis does not now seem to be the mo
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amount of shared variance is sufficiently small to require considcera-

tion of the possibility that in learning these tasks simultaneously
there are fundamental differences in the processes underlying them,
Summary

The present central condition provided data that were relevant
to three of the four purposes which led to the rescarch. These pur-
poses provide a convenient basis for organizing a summary of the re-
sults of Condition FORD,

Une of the questions we asked concerncd the universality of cer-
tain memory phenomena. These phenomena have been produced and studicd
primarily through the use of individual tasks; we asked whether or
not the phenomena would be observed when the subjects learned four
tasks simultancously. Three phenomena were of particular interest.

1. The data indicated that relative frequencies of multiply-
occurring events were assimilated with high fidelity during a single
trial. And, as commonly observed in simple situations, events with
low frequency werce overestimated, those with high frequency were under-
estimated . We were at this point somewhat puzzled by the failure of
the memory for frequency differences to becowme more precise as a con-
sequence of the second study trial.

2. The recall data showed a phenomenon quite like the spacing
ctfect which has been found in so many different situations (Hintzman,
1974). 1f a company name occurred twice on the same slide, it was

less likely to be recalled than if it occurred once on ecach of two

slides. There was no ltag effect in that recall for items was as
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hipgh when the names were on adjacent slides as when two other sliides
fell between the two occurrences. Available studies using single
tasks show that the level of lag beyond zero sometimes influences
performance and sometimes does not, but the critical interacting
variable(s) have not been clearly identified. Data to be presented
later will have more to say about this matter, and also about the rold
of Same versus Different spatial positions, a variable which inter-
acted with the degree of spacing.

}. The recognition data showed the "spontaneous integration'
phenomenon for two-word road signs when the words had been presented
separately, and, as demonstrated in the single-task situation (Under-
wood , Kapelak, & Malwi, 1976), the degree of separation had no influ-
ence on the probability of spontancous integration.

Generally speaking, the results have shown that phenomena occur-
ring in the single-task situation will not disappear or change in

any dramatic manner when the subject is required to learn four tasks

A second question concerned the stability of the memories estab-
lished under the flooded conditions. We did not find a reliable

for any of the memories up to several minutes. There are thred
1 must be born in mind when evaluating the lack of

First, no retention interval was less than 20 seconds

(t )t presentation ot the recency buffer slide). This short intex
val ovccurred only on the econd test trial; for the first test trial,
t wortest interval was at least 60 sceconds. Therctore, if most of
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the forgetting occurred very rapidly (in a matter of seconds), we
would not detect it. Second, the retention intervals were always
filled with memory tests on other tasks. If there is an output in-
terference which cuts across tasks, sharp forgetting would have been
tound. Third, in general, the longer the retention interval the
longer the subjects spent on the retention tests. We presented data
on these intervals only for recall, but the same relationship was
present for the other tasks in spite of the fact that for these other
tasks (F, 0, D) the subjects were required to respond to all items.
The positive correlation between the length of the retention interval
and the time the subjects spent on the retention tests could have
influenced the amount of retention. It would do so if time spent on
the retention tests and performance are related. We think it wmight
have had a small effect on recall, but its influence on the other
tasks is doubted. It is remotely possible that the influence of the
three factors mentioned here could be in precise balance and result,
theretore, in no evidence for ftorgetting when in tact there was for-
getting, but we doubt it. Rather, we tend to believe that memories
cstablished under conditions of simultaneous learning may be particu-
larly resistant to forgetting.

Finally, we were curious about the independence of the memorices
cuotablished for the four tasks. When we speak of independence we are
referring to the independence of underlying processes. The corrcla-

tional cvidence could be interpreted to indicate a high degree of in-

dependence . This conclusion could also be supported by the failurce of

1
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produced cither by a reduction in the amount of informat ion which the

b jects wer tructed to learn. by the amount ol information €l
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1 t mtpulatio in which the demand Y ANCTHO LY
] redu the 1 period (stud time) remained the e as
r FORD It would secm beyvond reasonabl foubt that pive
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learned Nevertheless, the relationship between amount learned and
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study time is probably not a simple one when more than one task is
involved. For example, in the simultancous learning of two or more
tasks, the subject may classify the items on a slide as belonging to
different categories (based on orthography or on meaning) and this
classification process may take disproportionately more time as the
number of tasks incrcases. At the same time, it could be argued that
the act of classification is an act of learning and therefore that
classification time is not "lost" time. Thus, while it seems fairly
sure that with a constant study time performance will improve as the
number of tasks required to be learned decreases, the interpretation
of the factors mediating the relationship may not be simple.

We have suggested the possibility that when the subjects' memory
systems are overwhelmed, they might attempt to cope with the situation
by attending to fewer than four tasks. We do not belicve that this is
likely to happen until the subjects have had an opportunity to get a
clear idea of the magnitude of the task which faces them. 1In particu-
lar, we belicve that a voluntary narrowing of c¢ffort to less than the
number of tasks presented would occur after the first test trial when
the subjects will have gained tirst-hand knowlcedge of what is expected
of them on the tests., As we have mentioned carlier, the relatively
high intertrial correlations of performance on three of the four tasks
would be interpreted to mean that the subjects did not attend to fewer
than four tasks. The argument is weak because we do not know what
the intertrial correlations would be if no restriction of attention

were possible (as would be the case when a single task is presented).
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the second trial Ffor three of the four tasks; they did handle the task
given them without going into shock. The low intercorrclations

among tasks were not symptoms of chaos. They will need interpreta-
tion and we anticipate the data evolving from the analytical steps
will be useful for this purpose.

The Experimental Conditions

There were 20 different conditions, and threc general variations
among the 20 conditions may be identified. First, the number of tasks
presented on the st;dy trials was held constant at four with the num-
ber of the tasks to be learned being specified by instructions. Tasks
not specified in these instructions were tested for incidental learn-
ing. The second general manipulation involved the number of tasks
presented for learning, these paralleling the number of tasks to be
learned as specified in the instructions for the first manipulation.
In the third variation, two different tasks were always presented on
the study trials, but the subject was instructed to learn only one of
them, the other task being tested for incidental learning.

Symbol System

With 20 different conditions, there was a problem in deriving a
code that would allow easy identification of each condition, although
weh a code seemed necessary. Here is what we did.  Condition FORD,
it will be remembered, was used to symbolize the simultaneous learning

four tasks: Task F, frequency assimilation of state names; lask O,

ordering of the scven street names; Task R, the rccall of the com-

pany names, and Task D, the recognition of road signs. Using these

B a e seaai s Gt dess i e
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four letters, cach condition i be dentificd by two rules First
the presence of a letter indicates that that task was included on the
slides. Second, if a hyphen is used to separate letters, those ta

represented by the letters to the left of the byphen were (by Instrud

tions) tasks for intentional learning, those to the right ot the hyphen

were tested for incidental I(.)I'!'fh‘.
Fhe 20 conditions are shown in Table 3. For cxpository purpos
they are shown in three columns. The meaning of some of the condi-

tions will be indicated to show how the symbol system works. The tirs
condition in the first column is F-ORD, In this condition (and all
other conditions in the column), all four tasks were prescented (just
1s in Condition FORD), but the subjects were instructed to learn onty
the frequency of the state names. But, they were also tested for the
incidental lcearning of Tasks O, R, and D. 1In the last condition ol
the first column (FRD-0), the subjects were instructed to learn

) R, and D, but were also tested for the incidental learning of Task
i 1 None of the conditions given in the sccond column involved inci
dental learning. In Condition F, only the state names occurred on

the slides and the subjects were tested for frequency intormation.

n Condition FRD, the slides included the item for Tasks | R, and

3

D, and the subjects were instructed to learn all three tasks and we

a4 for all threo. [he: conditions Ln column three | ol ved
yne: intentional task and one incidental task, with all possible comb’
nations of the threc tasks being included. As noted carlicr, we cho

t -t tnelude Fask O in any of the man tpulat ions hhown 10 1l scecond




Table 3

The 20 Couditions Used in the Major Analyses

F-0ORD B F=R
R-FGH R t-D
D-FOR D Ri= 2
FR-0D FR K-D
FD-0R FD -1
Rb=-0f RD bD-R
FRD-0 FRD
Tasks: F = trequency judgments of state names

0 = street ordering
R - recall of company nawmes
D - recognition of signs

fasks to the lett of hyphen were itutentionally learned, those

to the right were tested for incidental learning.




and third columns.
Now, of course, the critical question is what we expected to
learn from the results of these 20 conditions. However, it secms well

to Indicate tirst the procedures involved in these conditions.

Procedure and Subjects

The procedures tor Condition FORD were given in detail, and the
procedures for the conditions in Table 3 were exactly the same cexcept
when disallowed, or ncecessarily changed by the naturce of the conditions.

L. The sitides in all conditions werc presented at a 20-second
rate. Thus, even if only the items for one task were included on a
slide (as in Conditions F, R, and D), cach slide was presented for
20 seconds.

2. When less than four tasks were presented (as was true for
all conditions in columns two and three of Table 3), the items held
exactly the sawme positions on each slide as they had held for Condi-
tion FORD.

3. When two or more intentional tasks were included in a condi-
tion, the tests for the tasks occurred equally often as the first
task tested, the sccond task tested, and, with three intentional tasks,
as the third task tested.

4. There were always two study and test trials for intenticnal

D Incidental learning was tested after the tests for the inten-
tional tasks on the second test trial.
6. The instructions given initially always included a descrip

tion of all of the classes of the materials (all tasks) represented
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on ti ! I[f both intentiona md incidental learning were in
volved, the instructions made it clear which task or tasks were to be
tested., [hus, for Condition R-FOD, all tour classces of material were
described, and then the experimenter said:  "We are primarily inter-
Le t this exper ¢t 11 we 1] you can recall the names of
the commercial companies. After you see the slides, you will be as!
to write down as many of those couwpany names you can remember
[herefore, while you are studying the slides, you should concentrat
n the company names."
After the second test trial on the int tional carned tas
were completed, the perimenter said have three (twe ot
ore short memory test for you to take {'he t ts arc on L1
materi that were on the slides that you tud i ed J would like te
sc¢e how much of this information vou can 1 eimber ven though vou r
not deliberately concentrating on it." By t s, incidental
learning was measured
/ As was true for Condition FORD ubjects wer test ! 1
groups of six subject with forn conditions rand ed acro
these small groups her were 36 sub ject iced 1n each nd 1t 1
As described earlier the seven conditions in the Lrst olu (
b1 § Werd ncluded in a common testing schedule or 1974-75 ind
t rema 1ng conditions in a common schedule for 1975-7¢ However
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these schedules, and because the results for the FORD conditions did
not differ, we have concluded that all 20 conditions shown in Table 3
may be compared without a concern that the ability levels of the sub-
jects across conditions may have differed appreciably.

Data Analysis

Some of the general theoretical issues which we believed would

be teuched upon by the data trom the 20 conditions were indicated
earlier. For the time being, we necd to look at the conditions in a
more empirical way. It would be absurd to try to analyze the results
tor the 20 conditions simultaneously; it is necessary to break up the
conditions in meaningful ways. We will indicate what we conceive to
be some of those meaningtful ways and, therefore, indicate the nature
of the analyses which will be given for each of the tasks.

1. A comparison of performance on each of the three tasks as a
tunction of the number of other tasks also being learned will be given

most clearly by the conditions in the second column. At the same time,

we can determine the degree to which cach task "subtracts" from the
total learning potentional or total learning resources. For example,
by comparing the frequency estimations made in Conditions FR and FD,
we can determine the degree by which the recall and recognition tasks
subtract from the resources needed for frequency assimilation.

2. Comparisons among the conditions in the first column will

show how intentional learning differs as a function of the number of

other intentional tasks. There is, of course, a confounding present

in that as the number of intentional tasks increases, the amount of




selection required decrcasces (number of dental tasks decreasd
We will deal with this matter when we present the data.

3. The comparisons which can be made among the conditions in
column three provide evidence on the learning of a single intentional
task as a function of the type of uninstructed (incidental) ta
And, of course, we will also obtain evidence on the amount of incid
tal learning which occurs as a function of the type ol intentional
task.

4. When attention is directed to the first three rows of the
first two columns and corresponding pairs of conditions 1n coluwnn
three, it can be seen that we will have evidence on the ntent fonal
learning of each of the three tasks as a function ol the number ¢
incidental tasks (0O, 1 and 3), but since Task O has so little infiucnce

it

Frequency

essentially becomes 0, 1

and

‘{(’.‘;li_!ii

Assimilation

incidenta

1 1.
L tasks

I'wo measures have been used to reflect the relationships between
true frequency and judged frequency of state names (Task ). Onec
measure was the product-moment correlation between the true fregquency

] 10 state names and estimated frequency, with a corrclation
cing determined for each subject. For statistical purposcs, the
rrelatior have been transferred to ;', bt al “eported value Yoy
the conditions will be the x for each condition as retranstormed fro
e mean z' As a sccond measure, we will at least sample the data
which show the absolute judgments as a function of presconted frequency.
'he trequency assimt lation which occurred under incidenta ond Ot
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| will also be presented for cach measure.

Correlation measure: Intentional learning. The mean correlations

for each of the two trials for ecach ot the 10 conditions having in-
tentional learning are shown in Table 4. The 10 conditions are placed
to correspond L? the listing in Table 3, and Condition FORD is included
for comparison purposecs. The results in Table 4 will be c¢xamined from
several different approaches.

1. The first evident fact is that the relationship between
true frequency and e¢stimated relative frequency is substantial in all
conditions. The lowest correlation in the table is .76 (Trial 1,
Condition FR-OD). Thus, in all of these intentional learning condi-
tions the subjects showed high sensitivity to frequency differences.
As the number of intentional tasks increased, there appears to have
been a small decrease in the magnitude of the correlations, but there
are irregularities in this relationship. The evidence is given by
the four conditions in the middle column of Table 4.

2. A sccond noteworthy fact is the small increasc which occurs
between Trial 1 and Trial 2. Indeed, in some cases there are small
decrements .  Performance increases reliably (p = .01) tor only four
conditions (F-ORD, FD-OR, FD, F~D).

3. There is an inverse relationship between the number of in-
cidental tasks and performance. This is shown most clearly by the
increase in correlations from Conditions F-ORD to IF'-R and F-D to F.

e comparisons between FR-0D and FK, and between FD-OR and FD also

|
|
|
|
|




show a small negative role for the incidental tasks.

4. Task R (company names) is the major task which governs the
performance on Task F. This is quite evident when Task R is an inten-
tional task. There are several illustrations. Performance under
Condition FR-OD is no better than under Condition FORD and is poorer

than under Condition FD-OR. The differences in the mean correlations
between Conditions FD and cither FR or FRD are highly reliable (p = .01).
To state the generalization, we may say that Task D (involving the
traffic signs) as an intentional task had relatively little effect on
frequency assimilation whereas Task R did. Nevertheless, even the
relatively small effects of Task D are statistically reliable; e.g.,
F' versus FD (p .01). There are even some suggestions in the data
that Task R as an incidental task disturbs frequency assimilation
more than does Task D when it is an incidental task, (F-R vs F-D),
but the difference is not reliable statistically. The fact that per-
formance is better under Condition F than under any other condition

indicates that the presence of any other material, whether to be

learned or not, produces at least a small decrement.

5. Task O (represented by the seven street names) had no influcence
as an incidental task on frequency judgments. Ihis can be seen by
cxamining the data for the five conditions in the first column or by
the divect comparison of Conditions FRD-0 and RD .

All conditions having two or more intentional conditions were ex-

amined for possible effects of length of the retention interval. As

vresented earlier, the performance on Task F under Condition FORD did




Table 4
Intentional Frequency Assimilation (Task F)

The values are mean correlations (decimals omitted) for cach of the two trials.

Condition e, L Tp. 2 Condition Teadl Ix. 2 Condition Ta. X Te, 2
F-ORD 83 89 F 94 95 F-R 89 88
FR-0D 76 17 FR 81 82 F-D 90 94
FD-OR 83 88 FD 89 92
FRD -0 82 78 FRD 82 78

FORD 81 79




49

not change reliably across three retention intervals. Among the
remaining six conditions, only Condition FD-OR produced a reliable
¢k age (p = .0l1) associated with the two retention intervals. When
the frequency judgments constituted the first test, the correlation
was .89, but fell to .81 when preceded by the recognition test.
Ihere was no interaction with trials. We have no accounting for the
results of this isolated case.

Correlation measure: Incidental learning. There were five condi-

tions in which the incidental acquisition of frequency information

was measured following the second test trial on the material given for
intentional learning. Correlations were calculated between true and
cstimated frequency. The five conditions and the correlations werc:
R-FOD, .50; RD-FO, .53, R-F, .62; D-FOR, .66; D-F, .71. All of the
correlations are below any of those given in Table 4 intentional
learning, but all nonetheless indicate a clear relationship between
true and judged frequency. For the five conditions in the order given
above, there were only 2, 4, 2, 0, and 0 subjects showing negative
correlations. The lowest mean correlation differs reliably (p = .01)
from the two highest, but the sccond lowest differs only from the
highest. Looking at the conditions involved, it appears that the
common factor influencing the rclationship is the naturc of the in-
tentional task. Relatively low incidental acguisition occurs when
lask R is an intentional task, and relatively high correlations occur
when Task D is the intentional task. The result for Condition R-F

is somewhat ambiguous with regard to the principle, but since a corre-




sponding dittcrential effect of Task R and Task D on Task F was found

tor intentional learning, the generality scoms reasonably secun

Intentional learning. As we have said carlicer

H

there is no reason to belicve that the correlation measure should
reflect anything different from that shown by the raw measurce. I'he
correlations mercly provide a simple way of deriving a slope measure

for each subject. it will be remenmbered that in Condition FORD t

mean judgments incrcascd a swmall amount frowm Trial | to Tria

the amount was independent of true frequency. A similar small increa

was observed ftor veral ol the other conditions, but not tor all

and there seemed to be no reason for this lack of consistency. AT
increase (when it occurred) could not be interpreted as an improvem. nt

in perftormance because the < lope did not change. A change from 1

2 which would indicate an increase i e slope would »

I to Lrial

wiven by the trials X ftrequency interaction if, at the same tim

high-trequenc items showed an increase in judged frequency, o
frequency items showed a decrease in judged frequency, or botd
will be remembered that of the conditions given in Table 4, fcut oo

3

a reliable increase 16 Ehe orrelations between Trials 1 and 2. thug

~

presumably, reflecting a sharpening of the relatiouship between Ly
judged frequency An c¢xamination of the raw judpgments showed
at the trial X ircequency interaction was reliable (p L) a2

rec conditiens and these were throee of the four conditions which

} an increase in the correlations between Trial! 1 and T

showe

¢ failure of a 'matclh tor the two response medsures occuxy
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Condition FD, and no reason for this tailure has been found.

For plotting purposes, we have combined the two trials and have asked
about the influence of number of intentional tasks on the judgments. This
allows all conditions to be represented, although it ignores the number of
incidental tasks which accompanied the intentional tasks. The conditions
combined were as follows:

1. Intentional Task: F-ORD, F, F-R, F-D

e Intentional Tasks: FR-0OD, FD-OR, FR, FD

3. Intentional Tasks: FRD-0, FRD

4. Intentional Tasks: FORD (using 126 Subjects)

Figure 9 shows that for all sets of conditions the usual overesti-
mation of low-frequency items and the underestimation of high frequency
items was present. When Task F was the only intentional task, the
relationship between true and judged trequency was almost perfectly
linear, whereas for the other conditions the sharp rise in the judg-
ments between frequencies one and threo disturbed the linearity. As
would be anticipated from the relatively small ditferences among the
correlations in Table 4, the ditterences in the slopes of the curves
were not great.  The number of intentional tasks does appear to have
intluenced the slopes, although the reversal implied between the two
lower lines would not hawe been anticipated by the correlational evi-
dence, nor does it make any sense. Still, the point we emphasize is
the strong relationship between true frequency and judged frequency for

all intentional learning conditions.
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Raw wmeasures: Incidental learning. The correlational data have
clearly indicated that intentional assimilation of irequency 1ntorwmd-
tion was far superior to incidental assimilation. We may now examine
the raw judgments to obtain a more detailed picture of the nature of
the difference: It will be remembered that incidental learning was
measured only once for each condition, this measurement coming atter
two exposures of cach slide. Therefore, the most appropriate comparl
son with intentional learning would be on the second test trial for
the intentional tasks. The data for two intentional conditiowns bave
been chosen, those from Condition F and from Condition FORD, For the
incidental learning, we have chosen to combine the two conditions pro-
ducing the poorest performance (as judged by the correlational measure
md Lo combine the two conditions producing the best incidental per-
formance . fhe former conditions are R-FOD and RD-FO, the latter, bD-i

ind D-FOR I'he results are shown in Figure 10. The performance under

Condition I on the second trial was almost perfect in the sensc that

the mean judged performance at each frequency level was almost equiva
lent to the true frequency. There is only a slight overestimation at

the low frequencics and only a slight underestimation at the gt
frequencies. The difference in the precision of the resuits for Lais
condition and Condition FORD is quite obvious. Still, the performanc:
under Condition FORD was far better than that under the conditions

producing the best incidental learning However viewed, it is ewvident
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that under the conditions of the present study the acquisition of fre-
quency information under all intentional conditions was far better
than the acquisition under incidental conditions.

Sunmary L. The differences in frequency assimilation under all
intentional learning conditions were relatively small. 1t is true
that there were differences that were highly reliable statistically,
but even in the conditions in which performance was poorest the corre-
lative relationship approximated .80. Clearly, the number of inten-
tional tasks influenced performance, as exemplified by the differences
between conditions F and FORD in Figure 10, but the frequency know-
ledpe which developed in Condition FORD was still very substantial.

Lt is quite possible to argue that psychologically the difference in
frequency information implied by correlations of .80 and .95 is far
greater than implied by the numerical difference. 1In spite of these
counter arguments, we will still maintain that the number of different
intentional tasks was a relatively minor variable.

2 As a matter related to the first, we should indicate that
the froquency judgments were in general degraded more when Task R

ils0 an intentional task than when Task D was intentional. In
tact, Task D had very little effect, and, as will be shown later,
lask D was not heavily influenced by the intentional learning of

¥ ta At the moment, there is no evidence to deny the possi-

ity that when fask R was an intentional task it merely absorbed

more of the study time than did Task D and therefore removed this

time from being spent on studying frequency relationships.




3k In contradiction to other studies (Flexer & Bower, 197°

Rose & Rowe, 1976) frequency assimilation was poorer under incidenta!

conditions than under intentional conditions. However, the difference
among the methods of the various experiments are so marked that any
er1ous attempt to rationalize the differences would be futile. It
might be sugpested that under the prese incidental conditions the

subjects may

wt have perceived some of the state names in a meaniog
sense . That is, it might be suggested that a subject could detect
that a word on a slide was a state name without knowing which state
name it was Such a selection could be made by using the orthography
as a distinguishing cue for words occurring alone. Thus, the singl
words presented as a part of Task D were all in upper case letters,

with the state names in lower case except for the first letter. Fhie

question is, of course, whether this discrimination was made without

also identifying the particular state name, and we do not know the

answer to this question,

irdering Task

It will be recalled that for this task the subjects were asked to

order seven names of streets which had occurred on slides 2, 6, 10,
b4, 17, 20 and 23. O©Only in Condition FORD did this task occur as at

intentional task, and as reported carlier, the mean correlations b

true order were .47 and .89 for Trials 1| and

2, respectively. lhere were seven conditions in which Task O was
tested as an incidental task (left column, Table 3). fhe mean corre
ations between true and judged order varied between .05 and 39 .

ditference tmong tl seven values were not reliable (F = 1.41),
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but the mean (.18) tor the 252 subjects as a group was significantly
greater than zero (F = 25.47). We will not dwell on these results,
since this task has not entered into the intentional learning manipu-
lations. As is obvious, a minimal amount of learning occurred inci-
dentally, far below that shown under the intentioanal learning which
occurred at the same time that three other tasks were being learned
(Conditioa FORD),
Recall

The basic variables manipulated in the recall (Task R) of the 30
two-word company names will be reviewed. First, there was the spacing
variable which had three levels (0, 1, and 3). All company names were
presented twice. With O spacing, the two occurrences were on the same
slide; with spacing 1, the two occurrences were on adjacent slides,
and with spacing 3, the sccond occurrence was on the third slide
tollowing the slide of first occurrence. Second, there was the Same-
bilterent variable, referring to the same or different spatial loca-
tion of the two occurrences on the slides Third, when there were
two or wore intentional tasks, there were retention intervals of
difterent durations. There were two or more intentional tasks in
sceven ditterent conditions. Fourth, there were twe trials, and tifth,
incidental recall was measured for tive conditions.

As an initial step in the data reduction for the 10 conditions
involving intentional learning, an analysis of variance was pexformed

on cach of the 10 conditions scparately. Each condition showed a

signiticant (p = .001) improvement in recall from Trial 1 to Trial 2;
cach condition showed a sigonificant spacing effect (p = .001). None
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Even a casual examination of Table 5 would show that recall is in-
versely related to the number of intentional tasks. Using all of the data
in Table 5, the 11 conditions may be combined into four groups to show the
relationship between recall and O, 1, 2, and 3 other intentional tasks,
ignoring the number of incidental tasks. The groupings are: O (R~FOD,

R, R-F, R-D); 1 (FR-OD, RD-OF, FR, FD); 2 (FRD, FRD-0) and 3 (FORD).

The outcome is seen in Figure 11 which shows that performance decreases
regularly as the number of intentional learning tasks increases, although
the largest decrease occurred between O and 1 intentional tasks.

In contrast, several comparisons in Table 5 show that the number of
incidental tasks had a minor influence on recall. Conditions R, R-F and
R-D combined, and R-FORD in order represent O, | and 3 incidental tasks,
with corresponding recall values of 47.2, 44.0, and 35.47, or a decrement
of about 107. On the other hand, Conditons FR and FR-OD did not result
in a difference 1n recall, nor did RD and RD-OF. In both cases, the
comparison represents 0 versus 2 incidental tasks.

For the results of the frequency judgments presented in an earlier
section, Task R as an intentional task degraded the judgments more than
did Task D. For the recall, there is no consistent evidence that the
nature of the other intentional tasks (Task F or Task D) differed in

their influence on recall. Conditions R-F and R-D did not produce reliable

differences in recall, and neither did Conditions FR-OD and RD-OF.

Ihe spacing ¢ffect, The percent recall (both trials combined) for

cach ol the 1l conditions at each spacing level is shown in Table 6.




As noted earlier, for each condition the c¢ffect of spacing was highly

reliable (p = .001) For all 1l conditions, performance increased sharply
between spacing levels 0 and 1, and in 9 of the 11 conditions, performance

continued to LINProve between rsp:;cimﬁ levels 1 and 3. As (h‘:‘ul‘“u’d earlic ; i
none of the conditions showed an interaction between spacing and trials
in spite of the fact that it might seem that the massed property of a
spacing of zero would be lost over two trials. The exception occurrcad
for Condition FORD (Figure 4) in which it was found that the intc¢raction
between trials and spacing was highly reliable, and it occurred with all
three replications when tested separately. However, the interactions for
Condition FORD indicated that the spacing variable was more potent on the
second trial than on the first. We have not been able to find a reason
for this discrepancy between Condition FORD and the other 10 conditions
]

which is completely consistent across all conditions.

1 effect has been examined in conjunction

with the other variables, and the striking fact is the constancy of its
magnitude For example, the number of other intentional tasks has littl¢
ffect, the change in performance between spacing 0 and spacing 3 being
from 10-127Z when groups are combined in the manner used to construct
Figure 1!, An interaction with the Same-Different variable occurred only

tor Condition FORD,

1 i

Same-Different. he results for the spacing variable indiceted a

phenomenon of great probity. In contrast, the Same-Different manipulation

produced results which, at least statistically, seem to be immune to

rationalization It will be remembered that a statistica! analysis was
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performed on each condition initially. Although 10 of the 11 conditions
showed that recall was better when the company names had a constant 5

(Same) spatial position on the slides on the two occurrences than when

they occupied different spatial positions, the magnitude of the effect
was extremely variable. At one extrcme (Condition R-FOD) the difference
yielded p = .001, while at the other extreme (Condition FORD), p = .26.
Only Condition R-F showed that Different resulted in slightly better re-
call than did Same, but its companion condition (Condition R-D) showed
the opposite effect (p = .003). Only Condition FORD showed an interaction
with spacing (Figure 5). No condition produced a reliable (p = .01)
interaction with trials. Across the 11 conditions the average of the two
trials was 33.3%, for the Same condition, and 29.17 for the Different
condition. The maximum difference observed for any condition was 7.0%L
(Condition R-D).

1t would appear that the most conservative conclusion is that we are
dealing with a variable that has a small effect on recall, and that the
differences scen among conditions represent sampling variations around
the true mean. Nevertheless, it should be noted that the conclusion that
a constant spatial position gives better recall than a variable spatial
position is consistent with other findings (e.g., Sohn, 1967). E

Incidental learning. 1In spite of the fact that incidental recall

was very low, the data proved to be related systematically to the inde-
pendent variables. The percent recall for the five incidental conditions
was : FD-OR, 3.67%; F-ORD, 5.6%; D-FOR, 6.07; F-R, 8.1%; D-R, 8.3%.
Application of statistical tests may be questioned because of a large

number of zero entries, Nevertheless, for what it is worth, the F among
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the conditions was highly reliable (p = .01). The scores sort themsclves
into three levels (FD-OR, F-ORD and D-FOR, F-R and D-R). These three
levels indicate that both number of intentional tasks and number of in-
cidental tasks influcnced incidental recall. Recall is poorer with three
incidental tasks than with one, and with two intentional tasks, performance
is poorer than with onc

Without exception, for each condition, performance increased as spacing
increased, and performance was better under the Same condition than under
the Different condition. We have combined the five conditions in Figure
12 as a means of demonstrating the orderly character of the data. The
tact that the spacing variable is effective even under incidental conditions
1

has been demonstrated by other investigators (e.g., Shaughnessy, 1976). 5o

far as we know, no previous study has evaluated the effect of the Same-

Different variable under incidental conditions.

Miscellancous. In a previous section, recall was examined as
tunction of the position of the items in the study list and as a function

of the retention interval for Condition FORD (Figure 6). Essentially the
same results were found for Condition FRD-O and FRU. That is, alt!

the retention interval was not a significant sourcce of variation, position
was. Recency cffects were noted on the first recall trial, with bot
primacy and recency effects on the second test trial. A simila f e

was found with conditions having two intentional tasks (hence two veten

tion intervals). With only a single intentional task, the position ellects

followed the same pattern but were much more marked.
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A major concern has been with recall when from one to three other
tasks were being acquired simultanecously. It might be expected that item
difficulty could be changed appreciably as the amount of other material
on the slide varied. Thus, any item that is relatively easy when presented
alone for learning might possibly become relatively difficult when occur-
ring on a slide in which there were state names, traffic signs, and street
names. This seems not to have been the case. We determinz:d the number
of times each company name was recalled when summed across the three forms
(in order to minimize position effects). This was done for Condition
FORD and for Conditions R, R-F, and R-D combined. Condition FORD represents
a "cluttered" series of slides, the other three conditions a relatively
uncluttered series of slides. The correlation between the two distributions
of 30 scores was .90. Clearly, an item's difficulty seems to be based
largely on something quite apart from the context in which it is presented.

Summary. 1. We have found, not unexpectedly, that recall of two-
word company names decreased directly as the number of other tasks being
learned increased. The variation extended from 477 when only items for
recall were presented, to 197% when three other tasks were being learned
simultancously.

2. The effects of number and type of incidentally presented tasks
on intentional recall were small.

J.  Spacing effects were found under all conditions, including inci-

ntal learning. These effects appear to be universal.

+. Ihe Same-Different variable had a small effect overall but the

tooe varied considerably and unsystematically from condition to con-




Recognition

There were three classes of items included on the recognition tust
(Task D), nawmely, 12 traffic signs which vccurred once on cach ot the
study trials; 12 signs for which the two words had appeared on different
slides on the study trials, and 8 signs which appeared as new signs on the
test trials. The subject made YES-NO decisions on the test as to whethen
the two-word signs had or had not appeared as iatact sipgns on the study
trials. When the two words constituting a sign were separated on tl
study trials, the second word occurred on the lst, Znd or 4th slid, Ow
ing the one on which the first word occurred.

he recognition results will be organized around two measures Fitr
as a measure of sensitivity or discriminability, the sum of the wml
old items and false alarms on new items was used. The second medsur
simply consisted of the false alarms on the scparated items, bul Lo asscss

meaning fully the frequency of these false alarms, the frequency of tals

alarms on the new signs was used as a control.

When two or more intentional tasks were given the subject, retention

intervals varied in length. But, as has been truc for the other tasks

ask D showed no systematic changes as a function of the length of thic
retention interval and so this variable will not enter into the results
I ollow

false alarms. The performance on cach trial for the 11

conditions is shown in Table 7. Among the 11 conditions, fewest crrors

occurred for Condition D (as might be expected). 1t is, perhaps, somewhat
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surprising that there were any errors at all on this condition on the second
trial. The subjects were allowed 20 seconds for each slide, and across the
24 slides there were 12 intact signs which occurred once on each trial.
Still, on the second trial there were 8.3% misses on these 12 items (about
one item), although the false alarms were near zero. We suspect that this
rather poor performance was not due entirely to the attempts by the subjects
to be sure and remember the separated signs. We suspect that the long ex-
posure periods for the single task is very ineffective programming if we

ask about the amount learned per unit of time. This matter will receive
more attention in later experiments.

The data of Table 7 show clearly that the performance decreased as
the number of intentional tasks increased (ignoring the number of incidental
tasks). The increase in errors was not large, but it was fairly consistent.
When only Test D was an intentional task (Conditions D-FDR, D, D-F, D-R),
there were 11.0% errors across the two trials, With one additional inten-
tional task beyond Task D (Conditions FD-OR, RD-FO, FD, RD), the value was
15.67%. When two additional tasks were being learned (Conditions FRD-0O and
FRD) the errors averaged 18.1%, which is only slightly less than for Condi-
tion FORD, The increase in errors as a function of the number of other in-
tentional tasks occurred for both the misses and for the false alarms.

Thus, the discriminability between old and new items decreased as the number
of intentional tasks increased, and this must be due to a lower level of
learning for the old items as the number of intentional tasks increased.

Although we will not present data, we can report that we were unable
to find differences in the criteria for responding among the various condi-

tions.




The evidence indicated that when Task R (recall) occurred as an in-

tentional task with Task F (frequency judgments), pertformance on Task ¥

was poorer than if Task D was an additional intentional task. The prescent
data are not consistent on this matter. That is, they do not tell us
clearly whether Task R d4s an intentional task along with Task D produced
poorer performance on Task D than did Task F as an additional task. A
comparison between Conditions FD and RD indicates that Task R had a more
potent negative effect than did Task F (p = .0l), but this is not supported
by the comparison between FD-OR and RD-FO (p = .67). It might be suppested
that the lack of a difference for this latter comparison is due to the tact

that Task R occurred as an incidental task in Condition FD-OR and produccd

a more severe decrease as an incidental task than did Task F. Such a conclu-
sion is denied by other data (Condition D-F versus D-R). In fact, however,
the role of the incidental tasks was not completely clear. Generally speak-

ing, the presence of incidental tasks did increase recognition errors, but

the reliability of the increase is evident in only one comparison (IFD versus

FD-0R) The difference between Conditions D and D-FOR is unreliable, but
there is a trial by condition interaction (p = .002) which (as may be scen

in Table 7) indicates a stable difference on the first trial. The appro-
priate conclusion, viewing the data overall, is that the incidental tasks
have at best only a suwall effect on recognition performance.

Incidental recognition. Incidental recognition measures were avail-
able for five conditions. The percent errors (misses plus false alarms on
new items) on these conditions were as follows: F-D, 18.4%; R-D, 22.27;
R-FOb, 23.07; F-ORD, 23.,07; FR=OD, 27.47. The differences awong the five

/

conditions was of borderline statistical reliability (p = .05), and, as has




65

been our policy, we have chosen not to concern ourselves with such differences.
An examination of Table 7 will show that the poorest performance
after two intentional study trials occurred for Condition FRD-0 (17.5%),

a value which is just slightly below that shown for the condition (F-D)

resulting in the best incidental performance (18.4%). This means, of
course, that for all conditions the intentional performance was superior to
the incidental. The mean percent error on the second trial for the misses
for all 11 intentional groups was 15.3%, and for the false alarms, 5.17.

The corresponding values for the five incidental groups were 33.67% and 12.0%.
So, although the incidental learning demonstrated in the recognition data
was far better than expected by chance, the amount of learning did not ap-
proach the amount of intentional learning.

Separation variables. The data for Condition FORD, as detailed

earlier, indicated that the amount of separation of two words in the study
list did not influence the likelihood that the subject would say that the
two words had occurred together on a slide. Yet, the freguency with which
such false alarms occurred was greater than the frequency of false alarms
made to new pairs. We now will evaluate the effects of this variable for
the 10 conditions.

As a first step we have combined conditions so as to ask about the

false alarms on these broken pairs as a function of the number of other

intentional learning tasks (0, 1, 2, and 3), the combinations being the
same as described earlier several times. As may be seen in Figure 13, the

degree of separation had no consistent effect on the number of false alarms.




Each of the lu conditions was evaluated scparately, and in only one condi-

tion (FD-OR) did the separation variable produce differcnces that approached
statistical reliability (p = .03), but cven here the differences were not
systematic, the mean for the two trials being 22.2, 15.3, and 19.8% for
separations of 1, 2, and 4, respectively.,

Figurce 13 also indicates that the frequency of false alarms was not
influenced by the number of other intentional tasks given beyond onc
Furthermore, the number of false alarwms was totally uninfluenced by the
number of incidental tasks present. For example, the mean percent false
alarms across the two trials were 10.1, 13.5, 9.0, and 11.5% for Conditions
D, D-F, D-R, and D-FOR, respectively.

We next ask about the frequency of false alarms to the broken-itcms
as compared to the control (new) itewms. In every conditions the numbers of
false alarms were preater for the broken items than for the control. Only
one condition showed a statistical deviation from the other 10 conditions.
For this condition (D-R), the differcences between the control and broken
items, considering both trials combined, was only 1.5Z4. On the second trd el
there were 4.97 errors for the control, 4.67 for the broken items. It secms
that we are destined to find a deviate condition in every task; we have

i any reason for the essential absence of the effect lorx

been unable to fing
this conditicn. Except for this one condition, the small diftterences amony
the other conditions did not appear to result from any of the other varia-
bles, i.e., number of intentional tasks, or number of incidental tasks.

That these differences were relatively constant may be in part at least

understood by the fact that there were substantial correlations across sub -

jects in their tendency to make false alarms of both kinds Across condi -
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Figure 13.

Separation

False alarms on broken items as a function of separation and

number of other intentional tasks (0, 1, 2, 3).




tions these correlations ranged between .27 and .76, with a mean of .52.
Thus, in general, as the number of false alarms on new items differed among
subjects, so also did the number of falsc alarms differ correspondingly on
broken items. The rank-order correlation between the two types of false
alarms across the 11 conditions was .76. In fact, the only difference we
have found between the false alarms for the two types of items was the small
influence of number of intentional and incidental tasks on the broken items.
Because conditions had relatively little effect on the magnitude of
the difference between the two types of false alarms, we have, by way of
summary, combined the 486 subjects in the 11 conditions to construct Figure
14. The differences between the false alarms on the broken and control
items on the first trial is approximately 10%, and reduces to 5% on the
scecond trial. However, this obvious interaction is probably due in part at
least to a "basement' effect for the control items on the second trial.
[t is possible that second-trial performance was influenced by the presence
of the two-word signs on the first test trial. But, for both types of items,
such a presence would be expected to increase the number of false alarms.
We have not sought to pursue this issue analytically, but data to be pre-
sented later have some relevance to the matter.

Incidental lcearning. It will be useful at this point to present

the results for the five conditions for the three classes of items which
occurred on the incidental recognition test. The sums of the misses and
false alarms (on control) was used carlier as a measure of sensitivity.

[t can be seen in Table 8 that the number of false alarms on the broken
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pairs varied between 28.37 and 41.7/, with a mean of 35.4%. Statistically,
the differences were not reliable (F = 1.70). When the mean (35.47%) is

compared with the mean percent false alarms on the control items (12.07),

it is evident that the presence of the single words on the slide during
study was a very strong lure when the subjects had to decide whether or not
they would accept the two-word signs as having been presented as two-word
signs during study.

The five groups did differ reliable (p = .01) on the number of false
alarms made to the control items. An inspection of Table 8 will show thuat
the five conditions sort themselves into two groupings. When the intentional
task was frequency assimilation (F-ORD, F-D), the number of false alarms
was relatively low. When the intentional class included recall (R-D, R-YOb,
FR-OD), the number of false alarms was relatively high.

A survey of the data for the misses shows that they were not influenced
by the nature of the intentional task. Indeed, the differences among the
five conditions were not reliable (F = 1.83), but even the small differences
which exist do not correspond to differences that could be produced by the
type of intentionat task. Thus, the data indicate that the number of lalse
alarms to contrel items was governed in part by the nature of the intentiona
task, but that this was not true either for the misses or for the false
alarms on the broken items.

Data presented carlier for intentional recognition indicated that

the numbers of false alarms to control item and to broken items were corre-

lated within each group of subjects. The five comparable correlations for
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Table 8
Percent Recognition Errors on Various Classes of Items

Under Incidental Learning

False Alarms False Alarms

Condition Misses Control Broken
F-D 30.6 6.3 28.3
R-D 32.2 12 .2 41.7
F-ORD 3733 8.7 35.9
R-FOD 29.4 16.7 36.3

FR-0D 38.4 16 .3 3512
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the incidental groups were all positive but low, varying between .13 and .39,
with a mean of .24 (versus a mean of .52 for the intentional groups).

Summary. 1. The analysis of the last of the four tasks has once
again shown that performance was not influenced by the length of the reten-
tion interval.

2. Recognition performance, as measured by the sum of the errors on
old and new items, decreased as the number of intentional tasks increased.
The data did not give a clear decision concerning which of the other two
intentional tasks influenced recognition more severely. But it was found
that the false alarms on new items measured under incidental learning were
more frequent when Task R was the intentional task than when Task F was the
intentional task.

3. The number of incidental tasks had at best only a small effect
on intentional recognition.

4. Some two-word signs were presented so that the first word occurred
on one slide, the second on a later slide. When the subjects were asked to
identify the two-word signs which had been presented as two words on a slide,
the number of false alarms was more frequent than for control items, and
the magnitude of the difference was relatively constant across all intentional
conditions. The degree to which the two words were separated on the study
slide was quite irrelevant. The number of the falsc alarms on these broken
items was increased by the presence of a second intentional task, but not
by any further tasks, and the number of incidental tasks had no influence.

5. Although incidental recognition scores were poorer than inten-
tional scores, there was nevertheless information appropriate for the recog-

nition test which was acquired incidentally. It was particularly apparent




that the subjects knew a great deal about what had not been presented as
indicated by the small number of false alarms on new items.,
nal Evidence

Reliability. The reliability of the tasks as measured by the corre-
lations betwes trials one and two are shown in Table¢ 9. Condition FORD
is also included for completeness. There are two conclusions we wish to
draw from Table 9. First, there was some stability in the scores tor each
task from trial to tria although the recal! scores seemed to be somewhat
more stable than were those for the other two tasks. becond, the relia-
bilities for recognition and frequency were not influenced systenmatically
by the number of other intentional tasks which were involved, but recall

was. The average correlations for 0, L, 2, and 3 other intentiona®! tasks
when recall was involved were .86, .72, .66, and .64, respectively
he faect that the intertrial correlations for recall decreas:

the number f inteational tasks increased may suggest that at least sorv

th j e spunt a4 disproportionate amount of time on "earning the company
names on the second study trial., The reasoning would go as follows. A
Wi LV cen, when several intentional tasks were required, recall in ap
ibsolute sense wi exry low on thie first trial. There seems to be YIEE L
loubt that subjects could more readily recognize their poor performance on
he r ‘ tast than on the other tests. They might decide, therefor: to
spend more time on the second trial than they did on the first trial in
trying to learn the companv names. [[ some subjects used this approach, the
intertrial correlations would be reduced becaus: these subjects would show

1
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bigger improvement from trial 1 to trial 2 than would subjects who maintained
a constant amount of study on each task on each trial. But if this did happen,
there should also be a reduction in the correlations for the other tasks --
for recognition and for frequency judgments, and such reductions were not
observed as the number of tasks increased. What appears most probable is
that the reduction in the correlations for rccall as number of intentional
tasks increased was due to a statistical matter. Recall was very poor on

the first trial when three and four tasks were being learned, and the range
of scores was sharply limited. Correlations simply cannot be high under
these circumstances. It seems that the appropriate conclusion is that there
is essentially no evidence that the subjects shifted attention so that the
amount of time spent on the different tasks varied appreciably from the first
to the second trial. Or, in a positive fashion, it appears that our subjects
spent a relatively constant amount of time on each task from trial to trial.

Intertask correlations. The intertask correlations for each trial

separately, and for both trials combined, are given in Table 10. Except for
Condition FORD (the correlations for which we are repeating here), each

correlation is based on N = 36, for which values of .33 and .42 are needed

I

for p = .05 and p .01, respectively. Because Task D (recognition) used
an error measure, a positive relationship between its scores and the scores
for the other two tasks would be shown by negative correlations. We have
simply ommitted the negative signs,

The data in Table 10 show that performance on the frequency-judging

tests and on the recall tests were quite unrelated. There was a weak
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relationship between frequency and recognition, and a somewhat stronger
relationship (although still weak in an absolute sensc) between recall and
recognition. Much carlicr the results for Condition FORD indicated that the
processes underlying the three tasks were relatively independent. The data
for the other conditions in which fewer than four tasks were learned simul-
tancously confirim the conclusion reached for Condition FORD. More generally,
the number of tasks which were learned simultaneously did not influence the
intercorrelations among the tasks.

General Summary and Discussion

1t was not surprising to discover that performance on a given t ask
decreased as the number of other tasks being learned simultancously incrcascd.
But it was surprising t¢ discover that the magnitude of this effect was so

small. The influcnce of the additional tasks on frequency judgments was

minor and quite irregular, although both recall and recso, ion performance
decreased steadily as the number of other tasks being ‘d Lncreased.

In the case of the recall task, the difference in performance when no other

task was learned and when threce other tasks were learned was approximately
24 (sce Figure 11). However, about lo of these percentage points was
\

causcd by the adding of only one task; adding of additional tasks had rela-

tively little influence. In effect, these additional tasks were learncd

with very Little cosct.

'he data also showed that performance on a task decreased as the
number of incidental tasks increased. Roughly, this decreasce was about
half the decrease produced by adding tasks to be intentionally lcarned.
For all tasks, incidental learning was much poorer than intentional Jearn-

ing, but still there was some incidental! learning tor all tasks. Indeed,
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it might be argued that from a practical point of view the amount learned
incidentally was greater than the amount of intentional learning lost because
of the presence of the incidental tasks. Further, the argument could be
advanced that a better strategy for maximizing learning within a constant
period of time would be to give all four tasks (as in Condition FORD), The
argument would be based on the premise that the amount of learning of a

given task not realized when other tasks are learned simultaneously is less
than the amount of learning which occurs on the additional tasks. Just

how much is added would depend on the weighting given each task.

One of the reasons for undertaking the present studies was to discover
if the effects of certain independent variables changed as the number of
tasks being learned simultaneously changed. The answer to this inquiry is
quite unambiguous for the few independent variables manipulated. The spacing
variable produced an amazingly constant effect across the various conditions.
The frequency judgments as a function of frequency varied only a small
amount as the number of tasks being learned simultaneously changed. The
number of false alarms on the broken pairs in the recognition task remained
quite constant (when gauged against the control items) regardless of the
nunber of other tasks being learned, and in no case did the degree of
separation produce a systematic effect.

We presented intercorrelations among the performances on the three
major tasks and interpreted them as being so low that there could not be
much overlap in the processes underlying the three tasks., There are two
implications of this finding which need to be mentioned at this time.

First, the low correlations might lead us to the conclusion that the in-

dependence is due to the simultancous learning., We might speculate that

AN




the subject, in order to handle the rather difficult situation he faces when
learning two or more tasks, encodes cach task differcntly, Because of the
differences in orthography for the materials in the different tasks, the
subjects can rather quickly categorize the items and then apply the code
appropriate to the category. 1f distinctly different types of information
lie behind the different codes, the low relationships among the tasks as
seen in Table 10 would be anticipated. There is a problem with this approach.
' The correlations in Table 10 do not scem to differ in any systematic way as
a function of the number of tasks being learned. It would seem that it

would be casier to use two distinguishing codes (when only two tasks are

learned) than four (when four tasks are learned), but no such distinction
is reflected in the correlations. O0f course, the critical data would be
the correlations among the tasks when they are learned separately. We will
turn to such data in due time.

Il'he second implication of the corrclations derives from a theory of
recognition memory. I'his theory (Undexrwood, 1971) assumes that a major Lype
of information used in recognition decisions is trequency information,
he theory clearly leads to the expectation that the smaller the frequency
differences between two events which can be discriminated, the better the
recognition performance: those who can discriminate frequency differences
well will do well on recognition tasks. The intercorrelations between
frequency judpments and recognition performance in Table 10 are too low Lo

vive support to the theory. The condition of direct relevance is Condition

FU, and for this condition the intercorrelations are not significantly

different from czero, [t still must be determined whether the failure of the

theory is due to simultancous learning (in which different codes are produced
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for the two tasks), or whether the theory is inappropriate for these tasks.

The expected correlation has been found in other situations (Underwood,
Boruch, & Malmi, 1978).
TIME FACTORS

Exposure Time and Simultaneous Tasks

We will report two studies in which the central variable was study
time. The first study to be described was in fact the first conducted
(other than the pilot study) as we set about to discover the phenomena which
emerge as a subject is asked to learn several tasks simultaneously.

There were actually three conditions wmaking up the first experiment
in which a 10-second exposure of each slide was used. One of these condi-
tions was Condition FORD, Immediately after completing these three conditions,
we tested another group on Condition FORD using the 20-second rate. (The
54 subjects given the 20-secoud rate were included in the 126 subjects that
produced the data for Condition FORD as reported earlier). It is possible,

theretfore, to compare the two groups for Condition FORD, one group having

the slides presented at a lO~second rate, the other at a 20-second rate,
hence we will report the results for four conditions. '
|

Conditions !
For all four conditions, the slides werce the full slides as used in ?h
{
Condition FORD, Each of the four groups contained 54 subjects, and all '

details of forms, interval balancing, and so on, were exactly the same as

has been described carlier for the other experiments, Two of the conditions
will be designated as FORD-10 and FORD-20 to indicate the rate Jifference.
For the two other conditions the rate was 10 seconds. They differed from

cach other, and from the two FORD conditions, as follows:
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Condition FORD-NI. This condition was exactly the same as FORD-10,
except the subjects were not instructed (N1) concerning the four classes
of materials, nor how they were to be tested. They were told that they
would see single words and two-word units, that some of the words would
occur more than once, and that the words they saw would be like the words
that they might, in fact, see in driving through an urban area. They were
further told: '"Of course, I am going to test you for your memory for the
events you saw during the ride, but 1 am not going to tell you just how

will test you."

Condition FORD-NIT. The 54 subjects in this group were given the
same initial instructions as were the subjects in Condition FORD-NI. That
is, they knew they were to remember the words on the slide, but they were
not informed about the classes of words nor how they would be tested. The
difference between the two groups was that the subjects in Condition FORD-
NIT were not given the usual first test trial (NT, not tested). After the
first study trial, these subjects were given a 10-minute 'rest', during
which they tried to solve a series of anagrams., This 10-minute period
approximated the time required to administer the first test trial to the
other groups., After the 10 minutes had elapsed, the subjects were told
that the slides would be shown for a second time in exactly the same order
as on the first study trial, and that they would be tested after the second
study trial (which L‘.u‘}' Wt‘l'l,').

For these tour conditions, we will be making three different compari-
sons. First, a comparison of FORD-10 and FORD-20 will show the effect of

two diflerent exposure durations. Second, a comparison of FORD-10 and FORD-

NI will show the effect of initial instructions concerning classes of items
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and the nature of the tests, the subjects in FORD-10 being fully instructed,
those in FORD-NI not being fully instructed. The comparison will be most
critical on the first test trial. Third, comparison between Condition FORD-
NI and FORD-NIT will show the effect of the first test trial on the perfor-
mance on the second test trial.
Results

In describing the results we have tried to avoid excessive detail,
particularly detail which is in effect repetitious of data which have been
presented in conjunction with other conditions. Our efforts will be directed
primarily to unusual findings. When we speak of differences that were found

we will be referring to differences which had probability levels of .0l or

lower.
I ration. The subjects in Coundition FORD-10 and FORD-20
were ti xactly the same except for the differences in the exposure

time of the slides (10 seconds versus 20 seconds). The subjects were fully
instructed concerning the classes of material and the memory tests to be
given over each class.

With one exception, to be discussed later, performance on each task
was better with 20 seconds exposure than with 10 seconds exposure. Given
this, we may note certain facts about the performance on each task.,

l. Frequency judgments did not increase from Trial 1 to Trial 2.

In FORD-10 the corrclation between true and estimated frequency for the 10
states was .71 on each trial. For FORD-20, the values were .83 and .79.
lhe difference between the two groups was also present in the raw frequency
judpments as indicated by a reliable frequency by group interaction.

2. The corrclations between true order of the seven streets and
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false alarms. ;

Instructions. The subjects in Conditions FORD-10 and FORD-NI had 10
seconds exposure of each slide, and differed only in terms of the initial
instructions. OSubjects in FORD-10 were fully apprised of the classes of
items and the nature of the memory test to be given on each; the subjects
in FORD-NI knew only that memory tests would be given.

The differences in instructions had surprisingly little influence on

performance. In fact, frequency judgments, recall, and recognition were
not reliably affected. Only performance on the ordering task was enhanced
by the instructions. Whereas the mean correlations on the two trials for
the subjects in FORD-10 were .29 and .60, those for the subjects in FORD-NI
were -.05 and .3h4.

Although recall did not differ for the two groups, the spacing effect
was evident for both groups, and was greater on the second trial than on the
fipst.

Test trial. The only difference in the treatment for the subjects in
FORD-NTI and FORD-NIT was thal in the latter condition the subjects were not
tested after the first study trial. Since neither group was instructed
about the tasks and tests before the first study trial, it is apparent that
the first test trial provides this information. The empirical question con-
cerns differences which may occur after the first test trial, hence perfor-
mance on the second test trial for the subjects in Condition FORD-NI will
be compared with performance on the only test trial for the subjects in
Condition MORD-NIT. The results cannot be easily summarized since the outcome
varied from task to task.

l. We have seen that in the results of many of the conditions discussed
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first test trial obviously was an important conveyor of information concern-
ing the broken pairs. We had reported earlier that verbal instructions before
the first study trial (Condition FORD-10) did not influence the number of
false alarms on the broken pairs. Actually, an effect of verbal instructions
was present (FORD-10 vs. FORD-NI) but fell Jjust short of our criterion of
reliability, the interaction between conditions and type of false alarm
giving a p value of .02.

This completes the presentation of the experimental results. At no
time have we reported on the influence of the three different retention
intervals, the reason being that differences were not observed. Further,
we have not reported on the Same-Different variable in recall because of the
lack of any consistent effects of this variable with the 10-second exposure
duration.

Correlations. We will next examine the correlational data for our three
primary tasks. Reliabilities were determined by the correlations between
performance on Trial 1 and Trial 2 for each task. Because Condition FORD-
NIT involved only one test trial, reliabilities could not be calculated.

The correlations for Condition FORD-10, for Tasks F, R, and D were .49,

6L, and .48. The corresponding values for Condition FORD-NI were .27,

.70, and .47. Generally speaking, these values are somewhat lower than those
reported earlier (Table 9), but are sufficiently high to expect relationships
between tasks to be demonstrated if such relationships exist.

The three conditions using the 10-second exposure yield nine inter-

task correlations. The highest correlation observed was .29, that between

recall and recognition (Task R and Task 8) for Condition FORD-NIT. Even




this correlation is of borderline statictical significance. We conclude
that there was essentially no relationship among the performances on the

different tasks when the exposure duration was 10 seconds,

summary and Discussion :

When the subject was presented four tasks to learn simultaneously,

the data for all tacs learning occurred

were clear in showing Lhatl more
with the 20-second exposure of each slide than with the 10-secund ex
This outcome may seem so obvious &s to be trivial. When the subject kucw

before the first study trial how he would be tested on each task, pertfor-

mance on three of the tasks (F, R, D) was not influenced. Only the order-

ing task was benefitted by the foreknowledge of the test. There is a

reneral belief around our laboratory that when subjects are given a word

learn, but with the nature of the learning test not specified, »‘

| subjects almost univer assume recall will be requested. If this is Lrue,

Foreknowledge would not influence performance on a recall test. This argu-

nent might be extended by suming that the uninstructed subjects studied

of the classes in preparation for a recall test. 'here is a difficulty

W 1 Ll extension, If we that encoding produce

memory that can be transtormed in a direct fashion tu performance on Task

F and on Task D, then we would have anticipated substantial correlations

among the tasks. Such correlations did not occur. Furthermore, the lack “
|

f* 4 relationship between the performances on Task F ana Task D sugres 3

that these two tasks had little in common in “he encoding. )

r

Exposure Time and the Single Tasks

The empirical question we are asking next concerns the effect of siide
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exposure time on the learning of each o' the three basic tasks when these are
presented as single tasks as was the case for Conditions F, R, and D. The
reason for asking the question stemmed primarily from the results of Condi~
tion R. 1In this cundition the subjects were presented only the company names
and the test was recall. On each trial, on the average, each name could be
allotted 8 seconds of study time on each presentation, 16 seconds per trial,
or 32 seconds across the two study trials. In an absolute sense, recall
seemed low when viewed in terms of potential study time, recall being 30%
on the first trial, 6% on the second. Furthermore, the experimenters re-
ported that they observed subjects who did not appear to be using the full
study time effectively. More bluntly, it seemed that the subjects found it
difficult to attend conscientiously to the material on a slide for 2
seconds.
Having noted that there was some incidental evidence that the subjects

did not effectively use the full study time for the recall task, we must
peint out what appears to be a contrary implication. We have seen that
the addition of a second task, (either Task F or Task D) reduced recall
performance by substantial amounts (see Figure 11). This finding indicates
that & second task '"took away" something from the recall task. One might

ippose that if the subjects were not using study time fully when only Task

was presented, a second task would have little effect because, in a manner

saking, the subject could use the time he did not use for studying

ask R to study the second task. Of course, we are quite aware of the
;ibilicy that more than mere study time may be involved; it is feasible
that interference may have occurred between the twc tasks.

I'he situation seemed to call for evidence on verformance on each task
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(as reported for Condition R earlier) was well within the range to be ex- ‘
pected if the above values were extrapolated to predict performance at 20

seconds. The recall values, with 20 seconds exposure were 30.0% and 6L .L%

for trials 1 and 2.

The effect of spacing the two occurrences of the items is shown in
Figure 15. The values represent the mean percent correct for the two trials.
Again, the spacing effect was highly reliable {p = .001), and although
Figure 15 suggests some variations as a function of exposure duration, the
interaction was far from being reliable statistically. TIndeed, no inter-
action among the variables (trials, spacing, exposure duration, or same-
different) was reliable. The Same-Different variable had a small effect
(p = .02), the recall being 37.3% when the item occupied the same spatial
position on its two occurrences, and 34.4% when the position differed.

The manipulation of exposure duration as carried out in this experi-
ment confounds duration and length of retention intervali. The longer the
exposure duration the longer the retention interval for all items except the
last one in the study list. All of the data presented earlier have shown
that differences in performance have not occurred as the retention interval
increases up to several minutes. Nevertheless, none of these determinetions
involved tasks learned singly. It seemed necessary, therefore, to ask about
recall as a function of position in the study list. We formed five grouvs
,f six items each based on the positions of second occurrence in the study

list (just as was done for the data from Condition FORD and reported ear'ier),

and asked about recall as a function of the five groupings. Because “he
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results were much the same for each trial, we have combined the data for
the two trials for presentation in Figure 16.
The differences in the length of the retention interval as a function

duration would be maximal for items holding the early positions

in the list. As may be observed in Figure 16, recall of the items in the

initial position is far better with the longer exposure durations (10 and

15 seconds) than with the S-second exposure. Of course, there is no way to

assert from these data that forgetting was not greater for the items in the
A 2 g

11 study positions for the longer study times than for the short. Bu

we can conclude that if the forgetting did differ, it was not of sufficient

he higher level ot learning achieved with the longer

magnitude to negate

exposure time than with the short. On the other hand, it might be argued

that the greater recency effect associated with the longer exposure period
than with the short indicates that the retention interval was of some conse-

4 +

quence for the initial items, assuming that the learning which occurred was

equivalent for bot primary and recency items. The retention-interval

than for the primacy items.

ifferences would be l¢ for the recency i
2 o way t rrive at definitive conclusions on this matter, but be-
sause of the lack of effects of the length of the retention interval in

ered as greatly as those here, we are

previou iIiagtay lnuervals wilcl diff

[ ned toward position that the date represent a reasonable estimate of
he effects of exposure duration on recall. We do not believe there is

£

serious diminution of the differences produced by differences in the leng

f retent.ion intervals.
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Frequency judgments. After the 36 subjects in each group had completed

the second recall trial, 18 were given Task F and 18 were given Task D, using
the exposure duration that was used for recall. Thus, the conditions were
identical to Conditions F and D as reported earlier, except the exposure
durations were less.

Performance on frequency estimation was extremely good under all con-
ditions. The mean correlations (as determined from retransformed 2" values)
on the first trial were .88, .93, and .92 for 5, 10, and 15 seconds, respec-
tively. For the second trial, the corresponding values were .93, .96, and
.96. Although the performance with 5 seconds exposure was a little lower
than that with the longer durations, a statistical analysis showed only the
trial effect to be reliable. The values recorded earlier for performance
with 20 seconds of study time per slide were .94 and .95 for the two trials
in order. A plot of the mean frequency Jjudgments as a function of true
frequency on the second trial produced curves that were almost identical to
that shown for Condition F in Figure 10. The evidence is conclusive that the
estimation of the frequency with which the state names occurred was not en-
hanced by study time beyond 5 seconds on the first study trial despite the
fact that further study on the second trial improved performance. This might
suggest that in order to improve performance with additional study time a
subject must be tested, but we have given evidence earlier that testing may
interfere with further learning of the distribution of the frequency of events.
However this situation is viewed, it appears that for our particular 1C
events the subjects essentially "wasted" 15 seconds when the exposure was 20

seconds.

kecognition. Again, the measure of sensitivity used was the sum of
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the misses on old i
values are shown in Figure 17, and we have included the results for the J0-
second exposure period, given earlier as Condition D. As may be seen, the

esults correspond closely to those given for frequency assimilation. The

length of the exposure period beyond 9 seconds was irrelevant to perfor

"

mance on the first trial in spite of the fact that a second study trial im-

proved performance sharply (p = .001).
I'he number of false alarms on
the separation of the two words on the study trial. The effect of expusure

duration on the number of these false alarms was somewhat ambipguous. Sum-

. EvE | . ¥ ¥ vy ]l & e o 1 - ' ] &% ! < . <Y - . Lo {
ned across the two trials the values were ¢.lp, O. ,%, and - e T 5 42Uy
and 15 seconds, respectively. However, the value for Condition D (described

much earlier), which had an exposure durat ot ) seconds, was 10.4%.

here 1s, apparently, y trend in the number of false alarms «

the exposure duration increased. We are inclined, therefore, to discount

he significance t mics nwnber observed w t. hue S-second exposurt
furation. In all econditions, the number observed wa rreater than the

number of false alarm:s on the new items /Q‘ = ), and the Interactlon

bety i conditions and type of flalse alarms did not reach an accej table level
s ility.

l'he intertask correlations did not show any systematic

relationship with exposure duration. The three correlations between Llhe per-

formances on Tasks R and D (each based on LY subjects) were 4o, .«

5 in order. The average of these Lihre
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is almost identical to the average of the conditions in the main experiment
as seen in Table 10. The three correlations between the performances on
Task R and Task F were .37, -.05, and .30. Although these values are, on
the uverage, a little higher than those shown in Table 10, in neither case
can they be said to differ reliably from zero. Essentially, then, the inter-
task correlations which were observed when the subjects learned the tasks
sequentially did not differ from those which were observed when the tasks
were presented for simultaneous learning. We cannot, therefore, hold to the
notion that independent encoding occurs only when a subject is faced with
the learning of two or more tasks simultaneously. The independent encoding
is just as likely to occur when the tasks are learned at different times.

Summary and Discussion

The results of this experiment have shown that recall is directly re-
lated to exposure time between 5 seconds and 20 seconds, but that neither
frequency estimation nor recognition decisions are influenced by exposure
time. Our major purpose here will be to try to put these findings in per-
spective.

The first point we would like to emphasize is that although recall
increases reliably as study time increases, the amount of this increase is
small in an absolute sense, and that any notion of efficiency in learning
would recommend the use of the shorter study period. We will look at tLhis
from three points of view. On the second recell trial the mean numbers of
items recalled were 12.7, 16.0, 16.6, and 19.3 for 5, 10, 15, and 20 seconds,
respectively. The corresponding total study times were 240, L8O, 720, and

2

960 seconds. On the average, each correct response consumed 19, 30, B3

s

, with 5 seconds exposure time, a

and Y0 seconds of study time. That is
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for Condition R, FR and RD were 477, 297, and 267. Using rough figures,

it can be seen that when the Task R and either Task F or Task D were learned

simultaneously, the recall performance dropped by 20%. When only Task R
i was involved, recall fell about the same amount when the exposure time was
reduced from 20 seconds to 5 seconds -- from 477 to 297%. Yet we have seen
that exposure periods beyond 5 second had no influence on either recognition

or frequency estimation (Task D or Task F). In a simple-minded way, it

would seem that when Task R was presented for simultaneous learning with
either Task D or Task I, the subject could allot 5 seconds of each 20-
second exposure period to Task F (or Task D) and use the remaining 15
seconds to study the cowpany names in preparation for recall. If all this
works out in this way, performance on Task F or Task D should be comparable
to the performance obscrved when these tasks were presented alone. Recall
should be equivalent to that observed with the 15-second exposure duration
when Task R was presented alone. This value would be 417%.

Obviously, the simple-minded approach is not the correct one.

Something changes when two or more tasks are presented for simultaneous

lecarning, and at this point we cannot tell just what is involved. It
would not appear that a major factor would be the time lost in merely
identifying stimuli (which increase as the number of tasks increase), be-
cause this amount of added time within the ranges with which we are dealing
does not secem to be a highly important factor.
DIVISION OF EFFORT

We have assumed that in some sense there must be a division of
effort when a subject attempts to learn several tasks simultaneously, as
in Condition FORD, It is obvious that when threc or four tasks are given

simultaneously, the subjects must shift from one class of waterials to

. | . |
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another. ‘“These shifts could impede learning because the subjects take time ﬁ
to classify each stimulus even though to do so is of no consequence for iﬂ
learning. Or, because the subjects control their study time within a slide, '
it may be that they spend too much time on items they have already learned, ?
and not enough time on those which they have not learned. Or, as a third
possibility, the subjects may miss some of the stimuli entirely.

The purpose¢ of the final experiment was to minimize the influence
of the subjects' control of within-slide study time. In so doing, we asked
a most general question about simultancous learning, namely, does the

i

simultancous-learning paradigm impede learning, facilitate learning, or 3
have no influence. 1In the critical condition, the subjects saw all of the ;
stimuli for one of the tasks on the study trial, then all for a sccond ?
task, and finally, all for the third task. Then, the appropriate memory ]
tests were given The total study time was the same as for Condition FRD, 5
but the subject never had to study more than one task at a time. We will
designate this as Condition F-R-D to indicate that the three tasks were
studied sequentially as opposed to simultaneously in Condition FRD.

A third condition was added. Under Condition F-R-D, not only were
the subjects shown all stimuli of a given class before moving on to the
next class, but they also saw only a single class of stimuli on a slide
We needed to remove this latter confound, and to do so we arrayed the 3
slides so that ecach slide carried stimuli of only one class, but the class [
varied from slide to slide in a random manner. We have called this arrange- ﬂ
ment Condition FRD(S), where S refers to the appearance of a single class ]
of stimuli on a slidg Thus, the three conditions were FRD, FRD(S), and :

F-R-D
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Method

Slides. It will be remembered that for Conditions F, R, and D, as

presented in earlier sections, the subject was presented slides on which
only the state names appeared (Task F), only company names appeared (Task
R), or only traffic signs appeared (Task D). In implementing Condition
F-R-D for the current study, the three sets of slides used for Conditions

F, R, and D were simply given in sequence (including the primacy and recency
slides for each task). Therefore, the subjects were shown 78 successive
slides. As will be explained later, the order in which the three tasks was
given was varied across subgroups of subjects.

For Condition FRD(S), it was necessary to present the same 78 slides
as shown in Condition F-R-D. The three sets of slides (26 for each task)
were interwoven in such a way that the first three slides (after the primacy
slides) carried the same stimuli as did the first slide for Condition FRD.
In the same way, slides 4-6 carried the same stimuli as did the second slide
for Condition FRD, and so on. Within each group of three slides for Condi-
tion FRD(S) the order was random, subject to the restriction that two con-
secutive slides not carry stimuli from the same class. Thus, the last
slide of one set of three had to carry a different class of material than
did the first slide of the following set of three. Of course, different
slide orders were constructed for each of the three forms for Conditions
F-R-D and FRD(S).

Procedure and subjects. Each of the 78 slides required for Condi-

tions F-R-D and FRD(S) was presented for 7 seconds, while each of the 26
slides used for Condition FRD was shown for 20 seconds. Obviously, the
total study time per trial was 26 scconds longer for Conditions FRD(S) and

F-R-D than for Condition FRD (546 seconds versus 520 seconds). We have

assumed that this small difference will be of little consequence.
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The order of the three tasks for Condition F-R-D on the study trials
was varied three ways such that each task occurred equally often in cach
of the three positions. The order of the retention tests was also varied
three ways and these were orthogonal to the three orders of study, and were
also crossed with forms. A total of 54 subjects was assigned to each of
the three conditions.

The subjects were fully informed concerning the nature of the study
lists and of the nature of the tests to be given for each class of material.
Furthermore, each subject was given a card which described bricily the
relationship between class of stimuli and type of retention test; «.g.,
company names were to be recalled. The subjects had this card available
at all times throughout the session, and they were told to refer to the card
in case they forgot how they were to be tested for a given class of material.
Results

Task F (frequency judgments). The correlation between the judged

frequency of the 10 state names and their true frequency was determined
for vach subject. The z' transformation was again used for statistical
purposes. The mean correlations are shown in Figure 18 as a function ot
trial and conditions. The three conditions constituted a reliable source
of variance (p = .001), and, as can be seen, this was largely produced by
the better performance of the subjects given Condition F-R-D than by those
assigned to the other two conditions. In spite of the statistical signifi

cance of the differences among conditions,; we should point out that in any

absolute sense the differences are small, and that the correlations were
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high for all conditions. When the raw frequency judgments were used as the
response measure, the differences among the conditions were not statistically
reliable. The critical statistic was the interaction between condition and
presented frequency. The sharpness of the slope for each condition should
correspond to the height of the line in Figure 18. The slope differences
did correspoad to the differences in Figure 18 but were not reliable statis-
tically (p = .06). Thus, the two response measures did not agree in statis-
tical detail. It seems to us that the appropriate conclusion is that a
small effect of conditions was present, and that performance under Condition
F-R-D was better trhan that under the other two conditions.

It will be remembered that in Condition F-R-D each task occurred
in each of the three positions in the study list an equal number of times,
and that 18 subjects were assigned to each of the three study orders (FDR,
RFD, DRF). Because each retention interval occurred with each order an
equal number of times, differences due to position of the task in the study
list could be assessed directly. Neither response measure reflected an in-
fluence of the position of the task in the study list, indicating again the
stability of the memories across short retention intervals. Differences
in the length of the retention interval produced by differences in the
order of taking the three tests again also failed to influence performance.

Task R (recall). An analysis of recall showed that conditions did

not differ, although the influence of spacing was apparent as usual (p =
.001). Figure 19 shows the percent recall as a function of condition and

lag tor both trials combined. There was inconsistency in the magnitude of




the lag effect as a tunction of conditions (p = .004). This intceraction

was present on both trials, and we have been unable to find any correlates
of it, or elucidate upon it in any way. The Same-Different variable did not
produce a reliable main cifect and it did not enter into any reliable inter-

3 actions. The critical finding for the present purposes is the lack of 4

difference in recall among the three conditions. Overall, the recall
values were 24.2, 21.7, and 23.97% for Conditions FRD, FRD(S), and F-R-D,
respectfully.

The length of the retention interval did not influence recall.
Summing across the three conditions for both trials gave values of 23.1,
23.6, and 23.1% for the short, medium, and long retention intervals, respect-
ively. Condition F-R-D was analysed both for the position of the task in
the study list and for the length of the retention interval. Neither of
these variables influenced recall. The recall values when Task R was in

the first, second, and third positions in the study list were 22.6, 23.3,

and 25.8%. The F was less than 1. The longest retention interval would

be the case in which the task occupied the first position in the study

list, and had the long retention interval 'he recall for this combination
was 26.7%. Ihe shortest retention interval would be the case where the task

udy list and was recalled ftirst.

occurred in the inal position in the
The value for this cell was 22.5%. We emphasize this lack of differences
to press the point that even when the retention interval was extended

appreciably in length over any previous intervals used, recall still re-

mained relatively uninfluenced as the retention interval grew longer and

longer.

[ask D (recognition) Differences in recognition performance across
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the three conditions occurred on only one type of item; consequently we will
dismiss quickly those types for which differences did not occur. As has
been true throughout, errors on broken pairs exceeded those on new pairs,

but the combined errors on the broken and new pairs did not differ across

i

condition (p .34), and the length of the scparation variable had no
influence (p = .70).

The only reliable effect of conditions is shown in Figure 20, where
misses and false alarms (on new items) summed across both trials are shown
for each condition. The interaction between condition and item type was
highly reliable (p = .001l), as was also the difference among conditions on
total c¢rrors (p = .001). No other factor was significant statistically
nor interacted with conditions. For Condition F-R-D no effect was found
for the position of the recognition task in the study list.

Correlations. Trial 1 by Trial 2 correlations showed substantial
reliability for all tasks for all conditions. As has been true for pre-
vious data, the values used for the correlations were total errors for Task
D, z' transformation of r for Task F, and total recall for Task R. The nine
correlations between trials ! and 2 varied between .44 and .84. The means
of the three correlations were .61, .74, and .51 for Conditions FRD, FRD(S),
and F-R-D, respectively. By conventional! statistical tests, the two ex
treme means do not differ statistically. In earlier sections we considered
the likelihood of subjects attending diffeventially to the three tasks on
the two trials. In particular, it scemed that some subjects might spend

more time in studying the company names on the second trial than on the




first, thereby lowering the intertrial corrclations for all tasks. The
present data give no support to this idea. Under Condition F-R-U it would

1

be difficult to rehearse across tasks, yet the reliabilities for this con-
dition were lower than were those for Condition FRD where the subject could
allocate time to tasks differentially on the two trials. Our earlier con-
cern about differential attention does not now sevm to have been justificd,
lhe average intertrial correlations for Tasks I, R, and D were .65, .63,
ind .54, respectively.

We turn next to the correlations of tasks within cach of the three
conditions. Supporting our previous findings, we found that the performances
on Task R and Task F were essentially unrelated, the three correlatioas
being .16, .14, and .07. The three correlations between Task R and Task D
were .11, .56, and .36 for Conditions FRD, FRD(S), and I'-R-D, respectfully.
We do not know why the correlation was so low for Condition FRD. This con-
dition was used earlier and the correlation was .27 (Table 10), and for a
very similar condition (FRD-0), the value was .40. The correlations be
tween Task F and Task D were .30, .37, and .07 for Conditions FRD, FRD(S)
and F-R-D in order. The first two correlations are quite in line with those
found earlier (Table 10), and although the third correlation might scem to
be out of line, it cannot be judged to be so statistically. All in all,
we have not found the corrclations for this experiment to add much Lo our
knowledge
jummary and Discussion

We conclude that ditferences in pertormance observed for Condition

FRD (simultancous learning) and Condition F-R-D (sequential learning) were

nLnor I'he two conditions did not differ in recall. Frequency assimilation
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was probably a little hetter for sequential learning than for simultaneous
learning. For recognition, the groups differed on one type of error (misses).
We do not believe that any point of fundamental significance can be made

from these differences, which is to say that it appears that simultaneous
learning of three tasks occurred at about the same rate as did the learn-

' from one

ing of each task separately. That the subjects may have to "jump'
class of materials to another seems to have only a small negative cffect
at the woxrst. The fact that performance on all tasks was essentially
equivalent for Conditions FRD and FRD(S) indicates that having different
classes of material within a slide is of no consequence for the learning.
GENERAL SUMMARY AND DISCUSSION

Our empirical knowledge of human memory has evolved primarily from
experiments in which single, simple tas have been used as the experimental
vehicles. In the central conditions of the present report we required that

our subjects learn four different tasks simultancously The evidence which

has resulted does not demand that we qualify at length our knowledge gained

from the use of single tasks Generally speaking, the effect of variables
built into our individual tasks was much the same as has been found when the
ingle task only has beer earned l'o | presented with verbal materials

for four different tasks {(defined in terms of the verabal materials used

and the retention tests taken) may have confused the subjects,; but if it
did, it did not prevent the occurrence of basic memory phenomena, e.g., the
spacing effect [n fact, presenting three tasks simultaneously gave much

t same learning as that which occurred when the tasks were presented

Supdr ate ly

[he incidental learning which we observed did not allow the conclusion
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which can sometimes be drawn following the use of more conventional techni-
ques for studying incidental learning. Por example, whercas other investi-
gators (e.g., Flexer &« Bower, 1975) have concluded that frequency assimila-
tion is as high under incidental conditions as under intentional conditions,
this was not the case in our data. The incidental learning for all four
tasks was always lower than that for intentional learning, and in an abso-
lute sense was not great in amount for any of them. Still, it must be
recognized that the small amount of incidental learning which did occur
within a few minutes of intentional learning would, when we think in terms
of hours and days of incidental exposure to events,; constitute a ftormidable
proportion of our relatively permanent memories.

Perhaps the most unexpected finding had to do with the stability of

the learning when the sceveral tasks were learned simultancously. There was
no torgetting over several minutes. This was true in spite of the fact
that the retention intervals were filled with tests on other tasks We

do not in fact know that this lack of forgetting occurred only under condi -

tions of simultancous learning. We did not test the retention of these
tasks when learnced individually. Nor do we know that our findings have
generality across other types of material which might be used in simultancous
learning . Nevertheless, the possibility that simultaneous learning of
several tasks may retard the forgetting of cach task is one that seems to
warrant further work. A study by Burnstein (1962) would also secm to
recomnend this further work. Burnstein has his subjects learn 10 three-
place numbers (Set L) while not learning 10 other three-place numbers

(Set NL) that occurred in the series. After 60 minutes, retention of the

N —

numbers in Set L was superior to the retention of this set by members of a
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control group that had learned Set L without the items of Set NL being pre-
sent in the list.

The low correlations across tasks could be interpreted to mean that
the acquisition processes for the different tasks had little overlap. At
one point in our work thesec findings suggested the possibility that the
subjects deliberately encoded the tasks differently to meet the demands of
the tests. The subsequent research negated this possibility because the
correlations were also found to be low when the tasks were learned separately.
This finding could mean that the subjects encoded the tasks differently,
but if this is true, it was not because several tasks 'were being learned
simultaneously. A further caution should be added ar this time. Type of
retention test and type of material were confounded throughout our work.
For example, we did not use traffic signs in recall tests, nor did we use
the company names in studying frequency assimilation. Furthermore, the
number of verbal units in each task differed The lack of correlations
among the scores on the tasks may be due to differences in the materials,
not to the differences in the type of retention tests. Our work was simply
not analytical with regard to this.

Some of the most perplexing data related to study time. Five seconds
of study time per slide on single tasks produced as much learning for re-
cognition and for frequency judgments as did 15 or 20 seconds. Yet, a
second trial markedly reduced the errors made on the recognition test
Why did the subjects not "use'" the time on the first trial beyond 5 seconcs
to study the items if they subsequently studied it further when it was pre-

sented on the second trial? Furthermore, consider again the fact that the

subject apparently gave no more than 5 scconds of study to a slide when more
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was available. Why, then, would a sccond task (irequency judgments) which
also does not improve beyond 5 seconds ol study when presented alone, cause
a decrement in recognition performance when the two tasks are learned simul-
tancously with each slide being presented for 20 seconds? It would appear
as if 10 seconds could go unused and still performance would be much the
same as that observed for the single task. This did not occur.

Uatil these puzales are given further experimental examination, two
matters may admonish caution. First, we have interpreted the fact that
intertrial reliabilities remained fairly constant (regardless of the number
of tasks being learned) to mean that subjects did not trade off study time
among tasks. Our arguimncnt was that if such trade-oif practices occurred,
the intertrial correlations showld be lowered as the number of tasks increased.
We were therefore led to the supposition that the subjects studied all
items on a slide in a fairly consistent way from trial to trial. The sccond
matter results from questioning a basic assumption we have made about study
time. We have concluded that because the subjects did not improve in per-
formance on the single task as study time increased beyond 5 secconds, they
therefore did not study at all during the exposure period beyond 5 seconds.
[his may not be true. Tlhe subjects may have behaved as we believed they
did under simultaneous learning of several tasks. That is, they used the
full study period in trying to learn, but what they learned beyond 5 se-
conds was of no consequence for performance on recognition tests or on
frequency judging tests. Just why they improved on the second trial for
the recognition test would require some additional assumptions which we

ive not developed.

We have tended to reach conclusions which indicate that the simul-

tancous acquisition cof several tasks does not produce any fundamentally




103

different explanatory problems than does the learning of a single task.
However, some of the puzzles arising in conjunction with the results for
study-time differences may advise us to maintain some reservations. For
example, consider the case mentioned earlier. Recognition performance and
frequency judging performance did not improve with exposure periods be-

yond 5 seconds. Yet, when both tasks werce learned simultaneously with a
20-second exposure, performance was poorer than when each was learned singly.
It is almost as if a synergistic reaction occurs when two or more tasks are
learned simultaneously, and the laws of study time which hold for the single
task may not always fit the laws which will emerge from the simultaneous
learning of two or more tasks.

One other finding is related both to study-time effects and to dif-
ferential encoding When two or more tasks were learned simultaneously,
the presence of a task to be recalled degraded performance on the other
tasks more than if the recall task was not involved. Furthermore, recall
per formance increased directly as study time increased from 5 through 20
seconds when the recall task was presented singly. Do these two facts mean
that encoding for recall is different from encoding tor frequency judgments
and for recognition? It could mean that, but it need not. We could assume
that encoding is precisely the same for all tasks whether learned singly
or multiply. The study or encoding which takes place beyond 5 seconds of
study time benefits recall but does not benetit recognition or frequency
judgments., But if this is true, why should it be true? What is the nature
of the information which is acquired in the period beyond 5 seconds which
facilitates recall but has no benefit for recognition? To even speak in

these terms comes close to suggesting that there were encoding differences

after all.
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